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THE VISCOSITY BINARY CONTAINING 


General Chemical Depertment the Samarkand Medical Institute 


preceding studies this subject data were presented for the viscosity 
binary systems nicotine and aliphatic acids [1,2] aromatic nitro 
derivatives [3]. Results are given this paper study the viscosity 
binery systems containing nicotine and carbon tetrachloride, dichloroethane, 
chlorobenzene, and bromobenzene. 


The compounds were first carefully purified and then had the following con- 
stants. b.p. carbon tetrachloride 73.5° 699 mm, 80.5° 
704 mm, 127.5° 701 mm, bromobenzene 151.3° 700 mm, and 


Results the determination the viscosity and density for the system 
nicotine carbon tetrachloride are iisted Table and the viscosity values 
are plotted Fig. the experimental data for the system nicotine dichloro- 
ethane are given Table and the plot the viscosity appears Fig. 
Table relates the system nicotine chlorobenzene and Fig. its viscos- 
ity; Table the system nicotine bromobenzene, and Fig. the 
corresponding viscosity plot. 


TABLE 


Nicotine Carbon Tetrachloride 


Mol Viscosit Densit 


0.9240 0.7937 0.6607 1.5782 1.5578 1.5291 
12.76 1.1979 1.0122 1.4606 1.4358 
25.89 1.5456 1.2722 1.0011 1.3773 1.3607 1.3381 
27.70 1.9146 1.2156 1.3033 1.2898 1.2680 
50.36 2.2747 1.8142 1.3693 1.2283 1.2179 1.1930 
62.15 2.7032 1.5023 1.1700 1.1559 1.1300 
75.70 3.0763 1.7311 1.1034 1.1096 1.0773 
85.20 2.6284 1.9065 1.0618 1.0518 1.0365 

3.1555 2.0376 1.0068 0.9986 9866 


The viscosity diagrams all the systems possess similar form. lower 
the viscosity isotherms are slightly convex the composition axis, 
while higner temperatures they are rectilinear. This diagram points 
the absence interaction the and might that 
carbon tetrachloride, chlorobenzene and bromobenzene are indif- 


2199 


TABLE 
Nicotine Dichloroethane (Ethylene Dichloride) 


Mol. 


nicotine 


Fig. Viscosity diagram Fig. Viscosity diagram the 
the system nicotine carbon- system nicotine 


tetrachloride. 


TABLE 


Chlorobenzene 


Mol. Viscosit 
nicotine 50° 
0.00 0.5495 1.0981 1.0709 1.0458 
13.64 0.7069 0.5539 1.0819 1.0571 1.0316 
25.87 1.2057 0.8325 0.6090 1.0678 1.0440 1.0205 
37.71 1.4951 1.0164 0.7309 1.0576 1.0326 
50.63 1.8380 1.1226 1.0439 1.0196 0.9960 
63.45 1.4153 0.9806 1.0334 0.9867 
72.16 2.5972 1.5023 0.9950 1.0237 1.0023 0.9833 
3.2115 1.8095 1.1272 1.0155 0.993 0.9721 


ferent toward nicotine. Such conclusion, however, would only correct 
respect chlorobenzene. Mixtures nicotine and chlorobenzene not change 
heating 75°. next reactivity: Its mixtures with 
nicotine acquire orange when heated above 70°. Mixtures nicotine 
with carbon bégin discolor even 50°, while the case 
Gichloroethane the color intensified with rising temperature and becomes 
red 75° after cnly few minutes. Nicotine mixtures 


0.7640 0.5549 1.2486 1.2068 1.1676 
12.12 0.9689 0.6903 0.5345 1.1917 1.1590 1.1227 
25.33 0.8640 0.6756 1.1495 1.1173 1.0879 
37.80 1.5467 1.0393 0.7660 1.1107 1.0811 1.0572 
50.60 1.8289 1.1703 0.8524 1.0835 1.0565 1.0295 
2.4275 1.4864 1.0194 1.0555 1.0307 1.0050 
2.8703 1.6918 1.1470 1.0328 1.0119 0.9895 
89.36 3.4411 1.2506 1.0193 0.9967 0.9745 
106.90 2.0376 1.2626 1.0068 0.9866 0.9670 
2200 


Nicotine Bromobenzene 
Mol. Viscosit 


0.00 1.0619 0.7683 0.5941 1.4936 
12.33 1.2333 0.9080 0.6950 1.4084 
25.14 1.5435 1.0585 0.7871 1.3300 
37.25 1.8303 1.1912 0.8500 1.2625 
48.72 2.1909 1.3564 0.9562 1.2074 
63.30 2.6039 1.5590 1.0391 1.1321 
74.67 2.9670 1.1034 1.0915 
88.85 3.5249 1.9700 1.2596 1.0441 

100.90 2.0376 1.2626 1.0068 


Fig. Viscosity diagram Fig. Viscosity diagram the 
the system nicotine chloro- the system nicotine bromo- 
benzene. benzene. 


resinify after storage for short period. This behavior indicates that dichloro- 
ethane cannot considered completely inert toward nicotine. 


SUMMARY 


study was made the viscosity and the systems nicotine di- 
chloroethane, nicotine nicotine bromobenzene temperatures 
25, 50, and 75°, and the system nicotine carbon tetrachloride 25, 35, 
and 50°. all the systems the viscosity diagrams point the ebsence 
interaction the components. 


LITERATURE CITED 
[1] S.F.Babak, J.Gen.Chem. 19, 1610 
[2] J.Gen.Chem. 19, (1949). 
S.F.Babak and V.V.Udovenko, 20, 1568 (1950). 


Received March 14, 1949. 


ses 

translation a-23 ff. 
wee 


1.4312 
1.3431 
1.2986 1.2675 
1,2338 1.2134 
1.1800 1.1548 
1.1101 1.0898 
1.070% 1.0501 
1.0190 0.9976 
0.9866 0.9670 


} 


THE VISCOSITY SYSTEMS CONTAINING 


Sabak and Udovenko 


General Chemical Laboratory the Samarkand Medical Institute 


preceding papers this field the results were presented study 
the viscosity binary systems nicotine and aliphatic acids [1,2], aromatic 
nitro derivatives [3], and some halo derivatives [4]. the present paper re- 
results are reported study the viscosity binary systems 
and acetone, methyl ethyl ketone and acetophenone. 


TABLE 


Nicotine Acetone 


nicotine 


0.00 0.3332 0.2725 0.7818 
0.4615 
24.98 0.6975 0.4986 
37.30 0.9326 
50.05 1.2797 0.8411 
62.28 1.6955 
1.3437 

100.00 3.8942 0.9986 0.9866 

The substances used were first care- 

fully purified and then had the following 


constants: acetone, b.p. 54.1° mm; 
methyl ethyl ketone, b.p. 77.3° 705 
mm; nicotine, b.p. 111-112° mm; and 
acetophenone, m.p. 20.5° 


Results measurement the vis- 
cosity and density the system nico- 
tine acetone are given Table and 
plotted Fig. those for nicotine 
methyl ethyl ketone appear Table Viscosity the 
and Fig. those for nicotine aceto- nicotine acetcne. 
phenone Table and Fig. 


The viscosity isotherms the system nicotine acetone (Fig. and the 


+ 


system nicotine methyl ethyl ketone (Fig. temperatures are convex 
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Mol. Viscosit Densit 
d 


TABLE 
Nicotine Methyl Ethyl, 


Mol. Densit 


nicotine 


0.00 0.3203 0.2581 0.8004 0.7681 
12.53 0.3236 0.8467 0.8191 
7187 0.5104 0.3972 0.8822 0.8549 
36.42 0.4869 0.9104 0.8854 
48.78 8283 0.9395 0.9157 
61.33 7378 0.9602 0.9360 
2002 3158 8852 0.9801 0.9570 

100.00 2626 1.0068 0.9866 


Fig. Viscosity diagram Fig. Viscosity diagram 
the system nicotine methyl the system nicotine aceto- 
ethyl ketone. phenone. 


TABLE 
Nicotine Acetophenone 


Mol. Densit 

1.9115 .1972 .0118 0.9710 


the composition axis, suggesting the absence interaction between the compon- 
ents. the system nicotine acetophenone (Fig. the form the isotherms 
different; temperature 75° the isotherm rectilinear, while the 
isotherms and 25° are S-shaped. This form isotherm points interac- 
tion which marked 25°, becomes weaker with rising temperature and 


0.7438 
0.8324 
0.8634 
0.8934 
0.9361 
0.9552 
0.9670 
2204 


substantially disappears 75°. Exumples are already known reaction. between 
ketones and organic compounds character. Thus, for example, acetone 
aniline form compound existing the liquid phase 


study the viscosity systems comprising ketones and organic acids 
one [6] showed that reaction between ketones and organic acids intensi- 
fied passage from acetone methyl ethyl ketone. see from the data the 
present paper that nicotine reacts with acetophenone but not with acetone 
methyl ethyl ketone. This evidently bound with the fact that the substi- 
tution radical acetone leads weakening the basic func- 
tion the ketone, with the result that interaction becomes possible. 


SUMMARY 


study was made the viscosity and density the system nicotine 
acetone 25, 35, and 50°, and the systems nicotine methyl ethyl ketone and 
nicotine acetophenone 25, 50, and 75°. 

Reaction between the components the system nicotine acetophenone 
was noted. 
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THE BEHAVIOR THE GLASS ELECTRODE NON-AQUEOUS MEDIA 


BEHAVIOR THE GLASS ELECTRODE GLACIAL ACETIC ACID 


Chemical Institute Kharkov State 


University 


This investigation continuation study the properties the 
glass electrode non-aqueous media [1]. 


the previous paper reported point inflection the calibration 
curve glass electrode Hughes glass the acid region. suggested that 
this peculiarity the behavior the glass electrode would more clearly man- 
acidic solvents. the present investigation, therefore, have ex- 
amined the behavior the glass electrode acetic acid the expectation that 
this solvent and inflection the calibration curve higher 


values would occur, coupled with the disappearance the negative branch the 
potential curve. 


virtue its physical properties and its good solvent power, acetic acid 
frequently used solvent. Hence the necessity for determination arises. 


These measurements are generally carried out with the aid the quinhyd- 


rone chloranil electrode [2] (the chloranil electrode equivalent mixture 
chloranil and hydrochloranil). 


The chloranil electrode acetic acid less subject oxidation than 
the quinhydrone electrode, however, its application, well that the quin- 
hydrone electrode, atterded number difficulties. 


The hydrogen electrode with platinum, both according the literature [3] 
and our own observations, cannot used acetic acid. The best results are 
obtained use gold electrode coated with palladium black 


Hence the use the above-mentioned electrodes acetic acid limited. 
For this reason, well the purpose clarifying the character the 
deviation the glass electrode acidic solvents, have attempted estab- 


lish the practical possibility utilization the glass electrode acetic 
acid for determinations. 


EXPERIMENTAL 


used acetic acid from the Kharkov Reagent Factory cur investigation. 
Its purification the usual method gave glacial acetic acid with 1.0533. 


All the measurements were performed apparatus with 
radio tube detailed account the apparatus appears the paper N.A. 
Izmailov and I.F.Zabara used electrodes the Haber type constructed 


electrode glass prepared according the recipes Hughes and MecInnes and 
Dole, [s]. 


7 
: = 
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For the purpose calibration the glass series solu- 
tions was prepared acetic acid solution with values +8.3. 
The scale was calibrated against infinitely dilute solution ions acid 
acetic acid the standard state. 


Solutions with high values are solutions dimethylaniline and sodium 
acetate acetic acid; solutions with low values ere solutions chloric 
acid glacial acetic acid. Still lower values were obtained preparing 
strongly acid solutions the method Russel and Cameron (solutions 
sulfuric and chloric acids glacial acetic acid with addition acetic anhyd- 
ride). added 10% acetic anhydride and not 30% recommended the above- 
mentioned authors. 


The water added the TABLE 
acetic ecid together with 
the chloric acid combined 
with the acetic anhydride 
(due precautions being taken 
against explosion). 


l-molar dimethylaniline 
1.0 N CHsCOONa 
0.25 N CHsCO0Na 


The compositions the 
acetic acid solutions for 
calibration the glass 
electrodes and their 
values are listed the 


N HC104 
Table. HC104 
The values the molar 10% acetic 
solutions glacial acetic anhydride 
acid were determined with 0.007 molar 10% acetic 
the quinhydrone electrode anhydride eeeeeeeeceeeeaesesr 
which was calibrated against 0.02 10% acetic 
0.1437 molar HoS04 in gla- anhydride 
cial acetic acid. 


Attempts use HCl 
HCl acetic acid gives off fumes. 


The the standard was calculated from the formula 
where the activity, the concentration, and the activity coefficient re- 


lated infinitely dilute solution acetic acid the standard. 


The value the activity coefficient sulfuric acid glacial acetic 
acid was taken from the paper Mer and Eichelberger [6]. 


Consequently the cell for determination acetic acid solutions con- 
tained phase boundaries, and therefore phase potentials. The magnitude 
the was related infinitely dilute solution the ions the same solv- 
ent. Our scale thus specific scale: the scale was solution acid 
acetic acid with ionic activity unity. 


The range such scale for acetic acid from 11.4 (the 
ionic product [7]). 


The glass electrodes prepared the usual manner were first calibrated for 
aqueous solutions the range +13.85. For this purpose aqueous 
hydrochloric acid solutions, series buffer solutions according 
and Ringer, and sodium hydroxide sclutions were prepared. The value 
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utions 
cid values 
-0.2 
-1 4 


the aqueous was determined with the 


The calibration curves the glass electrodes Hughes and MacInnes glass 
against solutions are plotted Figure 


this, the electrodes were calibrated against the acetic 
acid solutions. Measurements were made 18-20° the chain: 


aqueous solution acetic 0.09 
test acid acetic acid, 

quinhydrone 


The siphon was filled with 0.1 solution lithium chloride acetic 
acid. After each measurement the glass electrode was rinsed out with acetic acid. 
The potential the glass electrode acetic acid was rapidly steadied. (in the 
course 2-5 minutes) and subsequently remained constant. The potential only 
creeps strongly acid solutions. Results calibration glass electrodes, 
constructed two different glasses, against acetic acid solutions are plotted 


Fig. Calibration curves 
glass electrodes against 
aqueous 


glass; 2-MacInnes and 
Dole Glass. 


Fig. 
curves glass elec- 
troces glass 
against acetic acid 
solution. 


comparing the calibration curves 


for Hughes glass acidic aqueous solutions, merely 
tilinearity for Dole glass the same region, the 


Fig. Calibration 
curves 
constructed Mac- 
Innes ard Dole glass 
against acetic acid 
solutions. 


weter erd 


from 
cetic acid solutions 


loo 
200 200 200 
400 
2209: 


inflection point observed the acidic region for both the glasses 
higher values the order +1.3. For Hughes glass the point inflection 
displaced 1.5 units into less acidic region, and the length the 
negative portion the calibration curve increased comparison aque- 
ous solutions. 


can seen from the calibration curves for acetic acid solutions, be- 
tween values 1.5 and 8.5 (on the scale calibrated against the acetic acid 
standard) the potential the glass electrode (constructed both types 
glass) changes rectilinearly with changing 


did not undertake studies more alkaline region since could not 
attain values. Even normal solution sodium acetate acetic acid 
has the order due the low values the activity coefficients 
salts acetic acid (dielectric corstant glacial acetic acid 6.13 [8]). 

1.5 8.5 has mean value 58.6 for Hughes glass and 58.4 for Mac- 
Innes and Dole glass. 


Consequently, for the acetic acid solutions which examined the 
range 1.5 8.5 (on the scale related the acetic acid standard) the glass 
may used for measurements acidity. 


Reproducibility Results During Measurements with the 
Glass Electrode Acetic Acid 


well-known, hysteresis observed the transition from alkaline 
neutral solutions aqueous and, particularly, non-aqueous solutions. Hence, 
order assess the suitability glass electrodes acetic acid was 
necessary establish the degree residual acidic hysteresis the case 
electrodes acetic acid. With this objective view, the electrodes were 
calibrated against acetic acid solutions starting from high values, and after 
the strongly acidic region they were once again immersed solution with 
8.3 and the series measurements was repeated. 


The experiment gave hichly concordant results and pointed the absence 
residual acidic hysteresis the alkaiine region for glass electrodes acetic 
acid. 


The graphical representation this double the case Hughes 
glass electrodes shown Figure 


Immersion the glass electrodes water measurement with the electrode 
aqueous solutions immediately before measurements acetic acid did not af- 
fect the electrode characteristics acetic acid. This clearly demonstrated 

_in the following data for Hughes glass electrode. 


The values for cell with glass electrode acetic acid solution 
with 6.05 are: 


Immediately after keeping water 
After measurement aqueous solution for period min.. 0.5980 
After measurement aqueous solution for period min.. 0.5985 
After immersion acidic acetate solution for min......... 0.5980 


follows that the constants the glass electrode acetic acid not 
depend the duration immersion the electrodes water the sequence 
which measurements are made. 


4 


Acetic Acid with 


folicws from the investigation that the glass can 


Fig. Titration curves with glass 
acetic acid. 


we 


Fig. Two repeated cali- 
brations Hughes glass 
electrode. 


the graph the circles signify the 
first calibration and the triangles 
the second one. 


solution sulfonic acid acetic 
acid acetic acid sclution di- 
methylaniline, Hughes glass elec- 
trode. 


Two calomel electrodes were the glass clectrode cell: 


Veibel's 
aqueous 
solution 


Glass 


Acetic acid aqueous 


solution lution KCl 


under test 


siphon used agar-water bridge. 


Titration smoothly and rapidly. 


the course two minutes. The titration curves arc The ti- 
solution represented the graph. 

The curve {plot AE/ApH against the milliliters 
added solution) represented the broken line. 


can seen that these curves are curves. recommend 
the glass electrode for the titration 
SUMMARY 


study was the behavior glass 
acid. 


300 


4 


The suitability glass electrodes for measurements acid 
solutions was demonstrated. 


was found that the point inflection the acidic region acetic 
acid displaced the direction higher values comparison with aque- 
ous solutions, and the negative branch the curve becomes longer. 


Glass electrodes are shown suitable for potentiometric titration 
acetic acid. 
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THE PROBLEM THE SOLUBILITY COMPLEX SALTS 


Yatsimirsky 


Institute Technological Analytical Chemistry Department 


collaboration with A.F.Kapustinsky [1] the fundamental relations govern- 
ing the solubility the simplest ionic compounds were previously discussed; 
that time our considerations were based upon the correlations which had estab- 
lished for the change heat solution function the ionic 
radii their components [2] and their entropies solution. was found 
that for salts the type the solubility governed first 
approximation the ratio the ionic radii: minimum solubility observed 
certain ratio radius cation radius anion (0.7 for the type and 
1.1 for the MXp type). 


Complex salts are composed largely large ions which are weakly polarized 
with respect each other; can therefore postulated that the laws derived 
for the simplest ionic compounds may also large measure applied com- 
plex salts. 


fact, these conclusions are largely substantiated when considera 
series complex salts with the simplest ions the outer shell. the case 
salts the KtX type being complex cation) the solubility invariably 
falls off series salts with radius the anion (chloride 
bromide iodide; sulfate chromate bicnromate; fluorosilicate chloroplat- 
inate, etc.). The radius the complex ion always somewhat large, and the 
majority cases exceeds for this reason increase sol- 
ubility the series question could only anticipated when the ionic radius 
considerably exceeded 


the other hand the case salts the type not only are series 
known which the solubility decreases with increasing anionic radius, but also 
series with solubility passing through minimum. Since the minimum solubility 
here reached ratio atomic radii 1.1, the series chloride 
bromide iodide the least solubility will marifested the bromide when the 
radius the cation Such phenomenon actually observed the 
case acidopentammine salts cobalt and iridium; the thermochemical raaii 
these salts close the stated value [3]. 


The radius ions the type the wajority 
cases exceeds 2.6 and therefore the iodide the least scluble among 
the halide salts this series. Our experiments have actually shown that 
case hexammine nickel salts and triethylenediamine cadmium the 
ity sharply decreases passage from chlorice 


- 46 A 


Before passing consideration some specific features the solubil- 
ity complex salts, propose consider the influence ionic charges 
the solubity the simplest salts. 


With this objective shall examine the equation 


more detail. the number ions forming given salt; the activity 
the salt saturated the heat solution; ASp the entropy 
solution the salt. 


shall examine the change solubility salts the KtX, series 
with constant ionic radius. 


The largest magnitude Equation the heat formation the salt (L) 
which related the heats hydration the ions (Ly and La) and the 
lattice energy the salt (U) the expression: 


assume, agreement with Mishchenko [4], that the heat of, hydration 
the potassium ion kcal, then the heat hydration the ions with iden- 
tical radii will change proportion the square the charge: 


(3) 


where the proportionality coefficient and the ionic charge. The lattice 
energy ionic compounds may calculated with the help Kapustinsky's equa- 
tion [s]. the basis the foregoing considerations obtain for salts 

the KtXn type: 


this equation: 


Taking into consideration the obvious relationship: 


(5) 
get: 
For the purpose investigating the dependence the ionic charges, 
differentiate Equation with respect 


Multiplying both sides Equation and taking Equation into ac- 
count, get: 


Uzk 


The various data our disposal enable confirm thet for small and 
medium-sized cations (rk the term brackets positive, 
while for large cations negative extent increasing with decreasing 
size anion. The solution complex salts constituted from large 
cations and enions are likewise negative. 
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The mav therefore drawn: the case salts com- 
posed large complex cations and large anions, the heats decrease 
with increase the charge the complex ion when the dimensions 
the ions remain constant. 


Previously had shown [1] that the entropy solution decreases with in- 
creasing charge th2 cation. Consequently, starting from Equation can 
also confirm that the solubility complex salts the type decreases 
with increasing charge 


The experimental data the literature confirm the validity this con- 
clusion. Some examples support are presented Table 


Solubility Some Complex Salts Water (in Moles per Liter) 20° 
Anions 
Cations 


clear from the equation given above that for the members given 
type salts (KtX, etc.) the solubility the salts decreases with in- 
creasing charge both the ions they sufficiently Thus, for 
example, the order solubility salts the type 102 
moles per liter, that salts the type moles per 
liter, while that moles/liter. 


now have attempted clarify the solubility relations complex 
salts with the aid equations strictly applicable specific 
ions, and even this procedure yielded series ruies which have proved useful 
establishing, for instance, the least soluble ions. 


Nevertheless, such procedure does not take whole series 
complicating factors. 


The shape the ion exercises marked influence upon the solubility 
salts. sharp deviation from specific shape coupled with the absence free 
rotation the ion crystal leads, pointed cut earlier [2], fall 
the heat hydration the ion compared with specific ion character- 
ized the same thermochemical radius. The consequence this, under other- 
wise identical conditions, that salts containing ions deviating sharply from 
the specific form are less easily solubie than analogous salts composed only 
or, generally speeking, freely rotating ions. 


Under the conditions favoring the occurrence chemical bond the type 
the hydrogen bond between complex ion water, the heat 
hydration the ion question greater than the heat hydration 
simple ion with the same radius, since this case chemical effect super- 
posed the electrostatic effect. this the soiubility salts 
containing ions capable forming chemical bord with water molecules higher 


than that similar compounds incapable chemical with molecules 
solvent. 


From this standpoint, obtain explanation the excellent sclubility 
hydrated salts, the majority acid salts, salts carboxylic acids, etc. 


This accounts for the well-known fact that the solubility increases the 
series salts: 


can confirmed thst the presence the complex ion groups capable 
forming hydrogen bond RCOO-, etc.) leads sharp rise sol- 
ubility comparison with compounds not containing such groups. 


follows that account should also taken the fact that the electric 
charges complex ion may distributed unequally, resulting certain 
polarity inside the ions. The energy interaction such complex ion with 
ions present the outer shell increases even the case symmetrical dis- 
tribution the polar groups, shown calculations carried out Khodakov 
[6]. 

The presence polar groups the complex ion leads higher lattice 
energy not only beceuse reaction the polar ion with the outer shell, but 
also because reaction between the multipoles similarly charged ions. This 
effect possibly plays even bigger part than the first one since the over- 
whelming majority cases the difference solubility salts containing ions 
approximately identical size much more strongly marked the case rela- 
tively small fons. the other hand, the case large ions present 
the cuter shell, the differences solubility undergo variations (Table 2). 


TABLE 


Solubility Acidopentammine Cobalt Salts (in Moles/Liter) 20° 
Cations 


0.1078 0.0170 0.0106 0.0154 
0.0436 0.0178 0.00614 0.00076 
0.0368 0.0107 0.00217 
0.0945 0.0418 0.0101 0.0020 
0.0525 0.0917 0.0837 


0.0246 


0.0062 0.0074 0.0005 


From the data Table can conclude that, rule, with increasing 
thermochemical radius the substituent the complex cation 
the solubility the corresponding salts decreases. All the exceptions 
this rule relate salts with large anions the outer shell where the dif- 
ferences solubility the salts are generally insignificant. 


The sclubility complex ions thus governed the cumulative effect 
whole series factors, and this fact makes possible utilize numer- 
ous complex ions diverse types for the preparation difficultly soluble 
combinations with most diverse ions bearing the opposite charge. 


There are, however, types complex ions differing from each other only 
the nature the central atom, for 


etc., 


Cr, Co, Rh, Ir, may thought that also respect the solu- 
bility such salts far-reaching will also occur within numerous 
groups. the overwheiming majcrity cases such analogy actually occurs. 
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illustration present Table the solubility data for various salts 
containing cations. 


the basis the TABLE 
Solubility Complex Salts Containing Similar Ions 
Ollowing manner the con- 


ditions for preparation 
difficultly soluble 


complex or, generai, 


tion with given large 


select sufficiently large ion opposite charge (maintenance the optimum 


ratio ionic radii) with the largest possible number charges; furthermore, 
the composition the given ion should not include hydrophilic groups (groups 
capable forming chemical bond with water molecules), and the presence pro- 
nounced polarity within the ion desirable. 


The following anions, precipitants for complex cations, can cited ex- 
amples: hexacyanoferrate, picrate, chloroplatinate, chrom- 


ate, substituted sulfonates, etc. 


Cations, precipitants for complex anions, can include cobaltiammine complex 
cations and large cations organic bases. 


The rules here formulated have been unwittingly applied analytical prac- 
tice. summary microcrystalloscopic reactions [7] mentions 
about 180 reactions (out total 680) based upon the unintentional applica- 
tion the relationships here considered. However, their deliberate application 
may lead the discovery new analytical reactions. 


SUMMARY 


The fundamental governing the solubility complex salts are con- 
sidered: ionic dimensions end charges, the presence them polar and hydro- 
philic groups. Starting from the developed correlations, explanation put 
forward the differing same groups complex salts, and the 
conditions for preparation difficultly soluble complex salts are formulated. 
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THE THERMOCHEMISTRY ETHYENEDIAMINE COMPLEXES 


Ivanov Institute Technological Chemistry, 


Department Inorganic and Analytical Chemistry 


Ethylenediamine example the extremely important and well-known add- 
enda. Numerous complex compounds containing ethylenediamine are known and are 
characterized varying degrees stability. The thermochemistry this im- 
portant group complexes has not been investigated all thoroughly, and the 
results obtained different authors have not been subjected theoretical an- 
alysis. 


The heats formation complex ethylenediamine salts copper, zinc, 
cadmium, mercury, iron, and cobalt have been determined Hieber and co-workers 
Some complex compounds cobalt (III) with ethylenediamine have been 
studied from the thermochemical angle one collaboration with Pankova 
[6,7]; finally, two complex compounds ethylenediamine with cobalt were stud- 
ied Ovenston and Terrey [8]. The heats solution com- 
plexes have only been determined isolated cases. 


The investigation the energy addition* for some complex ethylenediam- 
ine ions and the heats addition gaseous molecules ethylenediamine 
solid starting salts shows that the stability complex 
salts and that the analogous ammoniates change like measure. stability 
the complex ethylenediamine saits higher than that the corres- 
ponding ammoniates. 


Determinations have teen made the thermochemical constants complex 
ethylenediamine salts nickel and The aims this study were 
check the above statement and analyze the thermochemical data 
for the largest possible number representatives the group compounds con- 
cerned. Another objective was the accumulation additional thermochemical 
for the 2thylenediamine complex salts. 


EXPERIMENTAL 


The previously described apparatus and methods were mainly used for the 
determination the heats solution and heats reaction the salts under 
investigation. notable departure from the earlier procedure consisted the 
use more sensitive thermometer and change the method introducing 
the weighed sample salt into the calorimetric liquid. Temperatures were read 
with Beckmann thermometer, the whole the scale which comprised one de- 
gree, and the accuracy reading was 0.0002°. The test substance was 
duced drawn out the side into extremeiy thin bulb. The 
bulb was crushed against the side wall the calorimeter the upper part 


denote this term the heat formation complex ion from gaseous central ion and 
gaseous 


the calorimetric liquid. this procedure was possible shorten the 
principal period since considerable the salt dissolved and did 
not fall the base the calorimeter. All the measurements were performed 
25°. 

The starting salts were prepared the method described Werner [10]. 


all cases the the thermochemical was preceded 
check the purity the prepared products chemical analysis, when 
was found that triethylenediamine-nickel iodide did not separate from aqueous 
solution the monohydrate, reported the literature [10], but the di- 
hydrate. Dehydration the ethylenediamine complexes nickel was effected 
drying cabinet about 100°. 


The heat formation the envmerated salts was determined the basis 
measurement the heat reaction with HCl solution. summary the 
values obtained for the heats evolved during solution the salts hydrochloric 
acid appears Table The values obtained for the ethylenediamine complexes 
and differ from Hieber's values 


TABLE 
Heats Reaction and with HCl 


cor- 
rected 
radiation 


0.4555 0.0899 40.39 


0.1489 38.97 
1.4371 0.2207 39.03 


0.3371 0.0583 33.85 
[Niens 0.4737 0.0772 33.95 


... 0.2900 0.0509 37.64 


1.0558 0.1345 35.38 


The heats solutions all the water high lution were 
measured, and the results are summarized Table 


From our experimental data appeared feasible calculate the standard 
heats formation the investigated salts the crystalline state and the 
heats formation the corresponding complex ions aqueous solution. 


The heats formation the crystalline salts were calculated from the 
equation: 


The heats formation all the used and formed accord- 
ance with Equation (1) are taken from Thermochemistry Chemical 
Bichowsky and Rossini [11]. Moreover, all the values given that reference 


Mean 

value 
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TABLE 


Correc- 
tion 


Change 
temperature 
cor- 
rected for 


radiation 


Heat capa- 
city 
calori- 
meter 


Compour.d 


0.7878 
0.6369 


0.9070 


0.9787 
0.8346 


0.5422 
0.4110 


0.5642 
0.6397 


1.6934 
1.2805 


0.9484 
0.8258 


.... 


.... 


book were checked against the original sources. 


15300 
18900 


10600 
13600 


15000 
17600 


20400 
26900 


15200 
13400 


8080 
10700 


10900 


13500 
15200 


-0.0390 


-0.0460 


-0.0500 
-0.0420 


-0,0220 
-0.0160 


-0.0067 


-0.0700 
-0.0530 


-0.0519 


-0.0481 
-0.0418 


0.0000 
0.0020 


0.0000 
0.0000 


0.0010 


0.0000 


0.0000 
0.0000 


0.0000 
0.0000 


0.0005 


-0.0006 


558.5 


559.2 
558.8 


559.2 
559.1 
558.8 
558.7 


558.8 
558.9 


560.0 
559.6 


564.2 


564.2 
564.1 


-12.57 
-12.62 


-15.07 


-8.80 


-2.48 


-11.40 
-11.38 


-11.56 


-12.92 
-12.92 


}-12.92 


the course this check 


found that Bichowsky and Rossini cite obviously erroneous value (-37.7 


keal) for 
actually 37-7 kcal. 


the heat formation the hydrated ethylenediaminium ion 
this error from our calculations. 


The heat formation the hydrated complex ion was determined from the 
the corresponding salts: 


Incidentally this procedure provided supplementary check the values 
the heats reaction with The 
heat formation the complex ion 
constant, irrespective the anion 
present the outer shell. 


and 
Equation (2) was used for calcula- 
tion the heats formation 
the crystalline salts under standard 
conditions. 


TABLE 


Heats Formation Complex Salts 
Heat form- 


Compound ation (kcal) 


... 
... 
....... 


Our values for the heats 
formation the investigated sub- 
stances the standard stete are 
listed Table 


RESULTS 


shall consider them the thereby eliminating the influence 


addenda (in this instance 
Guring the reaction: 


2 
gaseous central ion, i.e., the energy 


han 


call the energy change (W) during this reaction and other similar reac- 
tions the energy addition. 


Calculation the value necessitates knowledge the heat form- 
ation the three types particles taking part reaction (3). For 
and these values are known with sufficient accuracy. The 
formation the gaseous ccmplex ion may calculated starting 
the value the lattice energy the i.e., the energy the 
reaction 


The lattice energy the complex salt (U) can have 
previously shown with the aid Kapustinsky's equation [13], utilizing the 
thermochemical radii the ions [14]. The thermochemical radii the ions may 
calculated from the the heats formation two salts con- 
taining identical complex ion 


mthe present instance, estab- 

lished that the Energy Addition Gaseous Molecules 
radii ions the type Ethylenediamine and Ammonia Gaseous 

not differ among kcal) 


themselves within the limits Gaseous 
the constants 

and are equal 2.7 


the basis these data 
the heats formation the 


Feet 
respective gaseous ions were cal- 
from these were found 
the energies addition the 
ions concerned. The energies 
addition ethylenediamine similar hexamminic ions are given 


Table 


see from the values that the energy addition three mole- 
cules ethylenediamine central ion alters the same order the 


energy addition six molecu all cases, however, the ener 
for the possible error the calculatio 
approximately constant for the 


that ammonia 5-13 kcal. Allowing 
ns, may assumed that this difference 
ions the type considered. 


may therefore suggested that respect the formation ethylene- 
diamine the same forces come into play the case formation 
ammonia the prove rather less stable. 


The availability data the heats formation anhydrous and 
ethylenediamine nickel enables calculations made the heats 
hydration the type Values for these compounds are 


previously the heats formation gaseous ions the helides, while the heats 
ation the complex salts are listed Table and the literature 


Energy addition Difference 
383 370 
372 359 
2222 


presented Table TABLE 


The unusual course the heats Heat Hydration Triethylene- 
hydration noteworthy: the heat diamine-Nickel Halides 
hydration increases the order 
anomaly could only explained 


Compound 


the assumption that the water mole- 10.3 
cules were coordinated round the an- 

the present instance assume the 3.6 


presence polarized ions the de- 
velopment covalent bonds between 


the complex ion and the halogen ion, which would lead, know, 
the series. 


SUMMARY 


1.Heats reaction with HCl solution were determined for the following com- 


Heats solution water were determined for the following complex salts: 


the basis the data obtained, calculations were made the heats 
formation the above salts and complex ions aqueous solution, and also 
the heats hydration complex salts the type 


Estimations were made the thermochemical radii ions the type 
and the energy addition gaseous molecules ethylenediamine 
gaseous central ions. The occurrence was demonstrated parallelism 
the changes these values the case ethylenediamine complexes and 
and greater degree stability was observed respect the ethylene- 
diamine complexes comparison with the corresponding ammoniates. 


LITERATURE CITED 
[1] W.Hieber, H.Appel, anorg. algem. Chem. 196, 193 (1931). 
[2] Z.Elektrochem., 40, 252, 256 (1936). 

[3] W.Hieber, E.Feder, Elektrochem., 44, 881 (1938). 

[4] W.Hieber, H.Appel, Elektrochem., 40, 262 (1934). 

[5] W.Hieber, E.Reindl, Elektrochem., 46, 556 (1940). 

K.B.Yatsimirsky and L.L.Pankova, J.Gen.Chem. 19, 617 (1949). 

K.B.Yatsimirsky and L.L.Pankova, J.Gen.Chem. 19, 623 (1949). 

[8] T.Ovenston, H.Terrey, 1936, 1660. 

K.B.Yatsimirsky and L.L.Pankova, 18, 2051 (1948). 
[10] A.Werner, anorg. Chem., 21, 201 (1899). 
F.Bichowsky, F.Rossini, The Thermochemistry Chemical Substances, N.Y, 


K.B.Yatsimirsky, J.Gen.Chem. 17, 2019 (1947). 
A.F.Kapustinsky, J.Gen.Chem. 13, 497 (1943). 
[14] K.B.Yatsimirsky, Bull. Acad. Sci. USSR, Div. Chem. Sci., 453 (1947). 

Received May 1949. 

translation 577 ff. 


> 


MOLECULAR STRUCTURE AND BOILING POINTS ORGANIC COMPOUNDS 


VII. ROILING POINTS AMINES AND NITRO DERIVATIVES THE METHANE SERIES 


Kozlov 


Boiling Points Amines the Methane Series 


are firmly convinced that the ideas developed previous communi- 
the basis our procedure for studying the boiling points various 
derivatives the methane series made possible discover both the main laws 
governing their variations and the characteristic features typical each spec- 
ific class compounds. 


the present paper decided apply our method the study the 
boiling points nitrogenous derivatives the methane series the 


first established the coefficients the effects structural factors 
the boiling point. These have the following values. 


Lowering the b.p. compared 
Structural factor the b.p. the compound 
with normal structure. 


from the position group the chain: 


12” 
and without change; 
from the position the group relative 
the group: 


KoZlov, Jour. Gen. Chem. USSR, 20, 1615, 1621, 1950. See translation and 1681 ff. 
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and correspondingly 
-18° 


The methyl groups present substituents the amine molecule exercise 
influence the boiling point when they are attached carbon atoms; that 
event their action causes rise boiling point. 

Boiling points amines the aliphatic series were calculated with the 
aid formula previcusly proposed the determination the boiling 
points various compounds the aliphatic series and having the form: 


etc. 


where the boiling point primary amine normal structure, and 


are the corresponding coefficients. 


The calculations were based the experimentally determined boiling points 
amines normal structure with the amino groups the end the chain, the 
data for which were taken from Beilstein and the values which are listed 


Table 


TABLE 


Boiling Points Primary Amines Series with 
Normal Structure 


Boiling 


Homoiogous 
difference 


Name 


Methylamine 
n-Propylamine oe 


n-Butylamine @eoeocee 


n-Hexylamine 


n-Octylamine ee ee 
n-Decyiamine eae eee 


n-Undecylamire 9 


Applying formula (1) and the coefficients introduced the present paper, 
carried out calculations the boiling points amines the paraffin series 
with iso structure. Our results are listed Table 


| 
18.5 25.2 
49.5 31.0 
77.0 26.5 
103.0 
154.0 
196.0 
216.0 
232.0 
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TABLE 


Roiling Points Primary Amines Aliphatic Series with 
Iso Structure 


Boiling Boiling 
Expt. Celc. Expt. Calc. 


2-Aminopentane 3-Amino-2,2-dimethyl- 
3-Aminopentane 
1-Amino-2-methylbutane.... 3-Amino-2,4-dimethyl- 
3-Amino-2-methylbutane.... 2-Amino-2,4-dimethyl- 
175 
2-Aminohexane 117 7-Amino-2-methylheptane. 

130 3-Amino-2-methylheptane. 
120 2-Amino-2,5-dimethyl- 

1-Amino-2,2-dimethyl- 
2-Amino-2,6-dimethyl- 
2-Amino-2, 
2-Aminoheptane 142 4-amino-2,7-di- 
6-Amino-2-methylhexane 146 methyloctane ....... 
8-Amino-2,6-dimethyl- 
OCTANE 202 


The date Table form clear evidence the fact that the influence 
the homclogous difference upon the boiling point likewise falls off smoothly 
homologous series amines. 


material, confirm the suitability our proposed (1) and the cocffi- 
cients for calculating the boiling point amines with iso structure. 


The results our calculations give insight the main systematic fea- 
tures boiiing points series amines which may formulated 
follows: 


Transference the amino group from the end the start the carbon 
chain the interior the chain brings about regular depression the boil- 
ing point perfectly specific magnitude equal the values our proposed 
coefficients. 


the interior the molecule the amino group reacts with the methyl 


Name 


groups which are present The extent this interaction gov- 
ernea their relative positions the molecule; greater the closer these 
groups are one another. Maximum interaction occurs when both these groups 

are attached the same carbon atom, there clearly interaction when 

they are the and 5-positions tre molecule. 


Interaction between amino group and methyl group affects the boiling point, 
causing reduction extent equal the above- enumerated i.e., 
among the isomeric amines the amines which the group attached 
tertiary carbon atom will have the lowest boiling point. When interaction be- 
tween the and groups ceases owing increasing distance between 
interaction occurs between the terminal methyl group and the methyl groups which 
function substituents the case with long chain. 


The extent which their interaction affects the boiling point will sub- 
ject the same laws which were previously formulated for paraffinic hydro- 
carbons [1]. 

the present paper have introduced coefficients expressing the influ- 
ence reaction the methyl groups which are substituents with 


terminal methyl groups with reference compounds with long distance between 
the methyl and amino group, 6-amino-2-methylhexane, 7-amino-2-methylhept- 


ane, and 8-amino-2,6-dimethyloctane. 


the basis the laws revealed, are enatled make some comments 
about the boiling points amines the paraffin series. 


Firstly, the boiling point 130° put forward for 3-aminohexane wrong. 
The true boiling point. this compound 119°. 


Data the literature about the boiling point 2-aminooctane are extrem- 
ely conflicting; according the experimental data one author its boiling 
point 164°, while another author gives value 175°. Our calculations con- 
firm that the true boiling point 2-aminooctane 164°. 

Secondly, our proposed method makes possible carry out calculations 
the aliphatic amines which have not yet been synthesized, 
the basis their structural formulas. 
The results the calculations which have been made are presented Table 
are the opinion that our data will receive experimental confirmation 
due course. 


Boiling Points the Olefinic Series 

contrast the amines the series, the double enters 
structural factor the amines the olefinic series. this case 
make use the concepts formuiated somewhat similar conditions for the 
course the points olefinic alcohols, namely: 


Firstiy, the effects the double bond and the amino group separately 
upon the point remain previously enunciated dependence their 
posiiticn the molecule and are governed the coefficients which previously 
derived for 


Secondly, methyl group (as substituent) attached carbon atom with 
double bord does not react with the amino group matter which position the 
amino group occurs. This methyl group reacts only with double bond, and the 
influence this interaction the boiling point governed the coeffi- 
cients previously derived for these groups. 


Thirdly, the methyl group attached carbon atom with single bond, 
reacts only with the amino group with intensity depending upon their 


relative the molecule, and the influence this reactivity the 
boiling point the coefficients reported this paper. 


Fourthly, the amino group can react with double bond only when attach- 
carbon atom adjacent carbon atom with double bond, i.e., the 
position these circumstances their interaction brings about rise 


the boiling point. This will also the coefficient their influence 


the boiling point. 


Fifth, influence methyl groups within the chain the boiling point 
observed when they are attached adjacent carbon atoms. 


The boiling points amines the olefinic series can calculated with 
the help our previous formula (1): 


where the boiling point the saturated amine normal structure with 
the same number carbon atoms the unsaturated amine. 


are ‘he respective coefficients, the values which were indi- 


cated above. 


Applying the same with formula (1), made calculations 
the boiling points amines the olefinic series and present our results 


TABLE 
Boiling Points the Olefinic Series 


117 
130 
160 
5-Amino-2-dimethylhexene-2 ..... 
1-Amino-2-methylhexene-4 145 
....... 125 
4-Amino-2-methylpentene-2 ...... 121 
2-Amino-2-methylpentene-3 ...... 112 


The data Table adequately confirm the accuracy our calculations. 
They also enable state with that the calculated toiling points 
those unsaturated amines have not yet heen determined will receive ex- 
perimental confirmation later date. 


Boiling Points Nitro Derivatives Paraffinic Series 


the first place have established the effect structural factors 
the boiling point nitro cempounds the series. the above-des- 
cribed method the following coefficients various structural fac- 
tors: 


Table 

Boiling point 

Exper. Calc. 

52.5° 


nitro group the chain: point 
-12° 


etc. without change. 


dependence the position the methyl 
group relative the nitro group: 


etc. without change; 


-10 
NOs 


The effect interaction methyl groups present substituents remains 
previously. 


all the previous cases the calculations were based the boiling 
points primary nitro compounds normal structure. But the study their 
experimentally determined boiling 
points convinces that the boil- TABLE 
ing points nitro compounds 
been quite inaccurately determined. 
This evidently explained 
their instability 
Consequently, taking into account 
the regular manner which the 
boiling point rises passage 
from one homoiog another, 


Experimentally Homol- 
determined ogous 
boiling point differ- 


Name 


Nitromethane 101 


subsequently applied fcrm- Nitrohexane ... 193 
ula (1) and our coeffi- Nitroheptane... 

iso structure. Kesults are pre- Nitrcdecane 


tal values were taken from Beil- Our calculations 


stein. 


The ample numerical material Table confirms the accuracy our calcu- 
lations. Therefore, the series nitro compounds the paraffinic series 
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TABLE 


Boiling Points Nitro Compounds the Paraffinic Series 
With Iso Structure 


Boiling point Boiling point 
2-Nitrobutane 139 139 butane 170-174 169 
158-159 pentane 90/40 
126 129 2-Nitro-2,4-dimethyl- 


3-Nitro-2-methylbutane... 153 2-Nitroheptane ..... 194-198 
176 181 1-Nitro-2,7-dimethyl- 
171 
butane ...... 167 1-Nitro-2-methylpentane.. 
1-Nitro-2-methylhexane... 
2-Nitro-2-methylhexane 


decomposition. 
have likewise revealed the fundamentai regularities the change their 
boiling points, i.e., among the isomers nitro compounds the lowest boiling 
points will possessed those isomers which the nitro group attached 
tertiary carbon atom. 


The laws which have discovered enable confirm that the conflict- 
ing experimental values for the boiling points and 
reported different authors, the most accurate will 
those agreement with our calculated values. 


also consider our fcrmula and coefficients entirely suitable for 
calculation the boiling points those nitro compounds the boiling points 
which have not been And sre certain that the values obtained from 
our calculations will corfirmed experimentally. 


Thus, our method has also proved suitable for the study the boiling points 
nitrogen-containing compounds the aliphatic series and opens the possibil- 
ity solution number scientific and practical problems. 


Received June 1948. 
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203 
201 
218 
248 
233 
186 
206 
191 
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THE CONDENSATION CYCLOOLEFINS WITH ORGANIC ACIDS 


Tilichenko 


Chemical Institute the Saratov State University 


The direct combination organic carboxylic acids and olefins with formation 
esters, discovered D.I.Konovalov [1] far back the end the last cen- 
tury, has received rather considerable attention the patent literature during 
the past one-and-a-half decades, but the study the fundamentals the reaction 
has been negiected. Cycloolefinic hydrocarbons, for example, apart from cyclo- 
hexene, have been compietely negiected discussions the 


have found only four studies the literature the addition cyclo- 
hexene organic acids: Brunel [2] obtained the corresponding esters heating 
cyclohexene with formic, acetic, and benzoic acids; Wunderly and Sowa [3]- conden- 
sed cyclohexene with acetic acid presence various amounts molecular 
compound boron fluoride and acetic acid and obtained cyclohexyl acetate; Zav- 
gorodny [4,5] carried out this reaction the presence boron fluoride ether- 
ate. 


our investigation have studied the influence this reaction chlor- 
ides various metals, and also the action phosphoric and sulfuric acids 
catalysts. have also studied the condensation with 
trichloracetic acid. 


references were found the literature the condensation this cyclo- 
olefin other homologs cyclohexene with organic acids. 


EXPERIMENTAL 


Condensation Cyclohexene with Acetic Acid 
(with participation L.V.Kachimova) 


prepared cyclohexene with b.p. 80-82° from cyclohexanone (b.p. 159-164°) 
dehydration with sulfuric acid [6]. 


The following procedure was adupted: Into series test tubes, which were 
made ready for sealing, were introduced exactly weighed quantities cyclohexene 
glacial acetic acid (0.1382-0.1437 and the substance destined 
for use catalyst (10% the weight the first two components). The test 
tubes were sealed and heated 97-100° drying cupboard fitted with water 
jacket. After definite interval time the test tube and blank were taken 
out, their contents quantitatively transferred messuring flask and diluted 
with water the mark, and measured volumes these solutions were titrated 
with baryta presence phenolphthalein. The per cent combined acid 
was calculated from the difference result obtained with the blank (this also 


> 
| 
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corresponded the per cent yield cster). 
This method calculation has uscd many workers (Konovalov [1], 
Timofeev Zavgorodny and 


The metallic chlorides selected catalysts were previously dehydrated 
heating over blowpipe. Those which susceptibie hydrolysis were heated 
admixture with ammonium chloride. 


TABLE 
(hours) formation 


The results the comparative 
experiments are shown Table 


Catalyst 


Table shows that the most 


while the next best 14.0 
The following observations 4.6 
must made concerning the metal- 5.6 

the reaction mixtures remained 

eye, and dilution with water was 
and the reaction mix- (1.83) 26.0 


tures the end the experi- 

ment had acquired light-brown 
and on.dilution with water 

some gray dark-colored flocs floated the surface; presence 

AlCls, and the reaction mixtures fsirly quickly turned dark-brown 

and dilution with water, the last case, relatively large amount flocs 

rose the surface, while the other two cases oily liquid with ether- 

eal odor appeared (the flocs might have dissolved the oil). 


Assuming the flocs polymers cyclohexene, can say that SnClo, 
not manifesting any esterifying activity, here relatively powerful 


polymerizing agent. 

and are noteworthy that while exercising appreciable ester- 
ifying activity they are completely and resinifying ac- 
tivity; under other conditions their activity might enhanced. 


Experiments with 50% above that 50% exhibited 


the most intense catalytic effect direct esterification 


acetic acid cyclohexene. this experiments were undertaken 
with the aim the limiting value this reaction. are 


can seen from and Figure the reaction reaches limit 
after approximately whe. the ester yield has risen about 60%. There- 
after the ester fails, due presumably increasing polymerization the 
which thereby irreversibly removed from the sphere reaction, 
and the equilibrium the process 


shifted the left. 


fall ester yieids after attainment certain maximum was reported 
Zavgorodny for some olefins condensation with organic acids 
presence boron fluoride, and was likewise explained the intensifica- 
tion polymerization these olefins. 
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No. 


The data demonstrate that (hours) 


may note further that the condensation cyclohexene with acetic acid 
presence boron fluoride, which latter recognized the most effective 
all the catalysts for this type reaction described the literature, 


TABLE 


Zavgorodny [4] 96-97° atteined es- 
ter yield 60.5% after hours and one 
61.5% after 118 hours from the start 
the experiment; Wunderly and Sowa [3] 

80-82° obtained 67% yield after 220 

hours; our experiments with 50% 

and approximately the same temperature, 

yield the same order was attained after 8-10 hours. 


Fig. 


respect ester yields during the condensation cyclohexene with ac- 
etic acid, therefor, 50% less effective catalyst than boron fluor- 
ide, and considerably superior the latter respect reaction velo- 
city. 


The above-cited authors did not observe fall reaction limit pres- 
ence boron [3,4]; but presence 50% the fall ester 
yield becomes fairly conspicuous after only hours from the start the re- 
action. 


Experiments with purpose this series experiments was 


establish the direction the rise concentration sulfuric 
acid, 


Experimental data for 98% H2S04 TABLE 


room temperature the velocity the 


twice that presence 50% 19.2 
50% after hours yielded 47.6 
7.3% ester (Table Expt. 6); 
98% after hours yielded 30.6 


This likewise considerably 
higher than presence boron fluoride, 
can inferred from the condensation cyclohexene with trichloracetic 
presence boron fluoride etherate carried out room temperature; the yield 
ester here only attained 10.4% after hours, and 33.2% after 338 hours 
[4]. higher temperature there was considerable difference between the re- 
action velocities presence and 98% 


acid room temperature have been reported the literature. the paper cited 
however, shown that the reaction with trichloracetic acid surpasses acetic acid 
both respect velocity and reaction limit. 
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3 


were unable establish the values the reaction presence 


Condensation with Trichloracetic Acid 
(with participation V.N.Sabinina) 


Cyclohexene does not condense with trichloracetic acid the absence cat- 
alyst differs conspicucusly from cyclohexene that 
tertiary (non-hydrogenated) carbon atom attached the double bond. ex- 
emplified trimethylethylene, has been established [1,8] that olefins the 
aliphatic series containing tertiary atom the double bond are capable 
condensing high velocity and with high yield with trichloracetic acid 
the absence catalyst. 


was undoubtedly interest cycloolefins this respect with 
aliphatic olefins. 


was prepared dehydration o-methylcyclohexanone 
with sulfuric acid [6]; the ketone distilled almost completely 166°, the tem- 
perature only rising 168° the end the distillation. 


The prepared for the experiments had the constants: 
b.p, 106-108°, 1.4491. 
These figures point some contamination with 


Trichloracetic acid was first dried constant weight vacuum desic- 
cator over phosphorus pentoxide 40-45°. Its degree purity was determined 
titration with baryta presence phenolphthalein. 


Equivalent found 163.2 (for 163.5). 


Experiments were performed the previously described procedure. The only 
difference was that catalyst was added the reaction mixture, and the 
end the reaction the mixture was quantitatively transferred from the sealed 
test tube measuring flask rinsing with benzene and the volume was also 
mede the mark with benzene. The reaction components, the previous 
case, were used equimolecular ratios. Experimental results are shown Table 
and Figure 


TABLE 


hours 


‘ 


Expt. Ester form- 
_No. 
22-25 17.9 
88-90 20.1 
88-90 
2236 


see from the data that cycloolefins with tertiary carbon atom the 
bond, contrast cycloolefins with hydrogenated C-atoms the double 
bond, are capable combining with strong organic acids the type trichlor- 
acetic acid the absence catalysts. 


The reaction exemplified proceeds fairly inten- 
sively even room temperature, but means energetically the case 
hydrocarbons the type trimethylethylene. 


According the data D.I.Konovalov [1] trimethylethylene and trichlor- 
acetic acid give the following yields the corresponding ester: 


18.5° after 0.5 hours, 75.5%; after hours 85.3%; after hours 
and 99° after 0.5 hours 70.3%. 


The reaction velocity increases slightly with rise temperature. The lim- 
iting yield ester 88-90° approximately twice high that 22-25°, 
but attained about the same period time 22-25°. 


Also noteworthy the fact that with passage fairly short intervals 
time the limiting yields ester begin decrease significantly even the 
ordinary temperature. explain this phenomenon the intensification poly- 
merization the cycloolefin used, with consequent removal the latter from 
the sphere reaction. this connection relevant note that even 
room temperature (22-25°) the reaction mixture turns light brown the course 
hour. The color deepens nearly black with prolongation the reaction 
period; this process markedly accelerated high temperatures. 


After removal the aqueous portion from the benzene solutions the ex- 
perimental mixtures after titration, followed drying the solutions and 


moval the benzene distillation, there remained the flask soft vitreous 
mass with light-brown color. When this was dissolved 95% alcohol abun- 
dant flocculent precipitate was formed. After the precipitate had been filtered 
off and washed with alcohol, had dirty-white color and did not react the 
halogen test (Beilstein). presumably polymer our methylcyclohexene. 


From the filtrate, distillation the alcohol, there remained 0.8 
liquid which after distillation vacuum, contained 1.5% less chlorine than 
required the este: trichloracetic acid. (The chlorine 
was determined Stepanov's method.) For all our experiments (including 
blanks) took about Consequently, were unable 
isolate large amount ester, allowing for the yields which obtained. 


SUMMARY 


Catalysts used the condensation cyclohexene with acetic acid were 
the chlorides: AlCls, NiCls, LiCl, FeCls, and 
and also 50% and 98% and (sp. gr. 1.83). 


Acids, especially sulfuric acid, were found more active catalysts 
for esterification than metallic chlorides. 


The limiting yield ester presence 50% 97-100° was attained 
8-10 hours and was approximately 60%; longer heating periods reduced the yield. 


According the literature, presence boron fluoride, which con- 
the best catalyst for condensation olefins with organic acids, 
the yield the same cyclohexyl acetate reaches but after considerably 
longer period. 


using higher concentrations the rate esterification can 
increased. The reaction limit under these conditions was not determined. 
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The most effective the chlorides proved and AlCls, 
the respective ester yields with which and 14% (after hours 97-100°). 


and promote esterificatisn but insignificant extent; they 
not exhibit any polymerizing cyclohexene. 


ester formed. The last two exhibited action upon cyclohexene. 
Compared with the other salts, SnClo has stronger polymerizing action upon cy- 


clohexene. 
The reaction with trichloracetic acid was studied 
without addition 22-25, 50, and 88-90°. 


was shown that trichloracetic acid begins react with the hydrocarbon 
the normal temperature. The reaction proceeds two directions: Ester forma- 
tion and hydrocarbou polymerization. The latter reaction evidently responsible 
for the low limiting yield ester (24.4% and 45.5% 88-90°). The 
ester yield falls with the reaction. 
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THE CONDENSATION BENZYL ALCOHOL WITH PHENOLS 


Organic Laboratory the Leningrad Technological Institute 


has shown that when benzyl alcohol heated presence 
sulfanilic acid, activated clay sulfuric acid condensation prod- 
ucts two more molecules benzyl alcohol are obtained: benzyl ether, 
benzylbenzyl alcohol, and more complex products. The purpose the present 
investigation study the action the same catalysts mixture benzyl 
alcohol and phenol and some its derivatives. 


Little work is: recorded the literature the condensation benzyl al- 
cohol with phenol. known that the reaction yields p-benzylphenol pres- 
ence zinc chloride, aluminum chloride mixture glacial acetic acid and 
sulfuric acid. But have been unable find full details the reaction prod- 
ucts these studies. 


our experiments used flask fitted with thermometer and connected 
reflux condenser and water trap, the volume water serving measure 
the reaction velocity. Benzyl alcohol and phenol were used equimolecular 
quantities. Sulfanilic acid, activated clay (Chasov-Yar) and sulfuric acid 
served catalysts. The sc.vent was benzene, varying the amount which 
changed point the mixture and consequently the reaction temperature. 


Our experiments mixture products. the one hand, according 
the observations the formation dibenzyl ether, benzylbenzyl 
alcohol, and products further condensation these possible. the other 
hand, primary product condensation benzyl alcohol and phenol should 
phenylbenzyl ether, addition benzylphenol, since the presence sulf- 
onic acids the alkylation phenols may occur [2]: 


Products condensation three molecules could also formed benzyl- 
phenyl benzyl ether dibenzylphenol: 


The reaction products were separated and examined the following procedure: 
The benzene and unreacted phenol and benzyl were distilied off with 
Phenylbenzyl ether came over the same time such small extent not 
affect the calculation reaction products. Ina portion the distillate 
the amount phenol was the form tribromophenol. The total. 
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distillate was then rendered alkaline dissoive the phenol, and the amount 

benzyl alcohol and phenylbenzyl was extraction with ether 
and distillation vacuum. The products wnich did not come over distilla- 
tion steam were extracted with ether and distilled vacuum for separation 
the products condensation two and three molecules. resin remained 
the distillation flask probably products further condensation. 


The phenols and p-benzylphenols) were extracted from the products 
condensation two molecules treatment with alkali, and were then fraction- 
ated, first vacuum and then boiling with saturated solution 
baryta water when the para isomer was precipitated and the ortho isomer re- 
mained solution. special experiment was established that under our 
conditions the phenylbenzyl ether did not isomerize benzylphenol, that the 
latter can regarded primary product our reaction. 


The neutral products condensation two molecuies were distilled 
vacuum. Phenylbenzyl ether was cetermined phenol after boiling with hydriodic 
acid, while the and p-isomers benzylbenzyl were determined after 
conversion and p-benzoylbenzoic acids oxidation with nitric acid. 


The products condensation three molecules were broken down shaking 
with caustic alkali solution heating with 15% sulfuric acid, yielding phen- 
ol, benzylphenol, benzyl alcohol and benzylbenzyl alcohols. The quantitative com- 
position these products was accordingly determined from the decomposition pro- 
ducts, although course not altogether accurately. 


The reaction presence sulfanilic acid was found start 130°, that 
using activated clay 110°, and that with sulfuric acid 83-85°. Judging 
the separation water, the reaction most rapidly all with sulf- 
uric acid and the most slowly with sulfanilic acid, although the latter gave the 
least resinification. The reaction velocity increases with rising temperature 
(being doubled after 10° rise), but resinification also intensified. 
the amount water separated proportional the time (the reaction 
zero order), but subsequently the reaction slows down. 


order determine the yields reaction products, experiments were 
performed with large amounts initia] products (150 benzyl alcohol and 130.5 
phenol, i.e., 1.388 moles each). Results are shown Tables and 


TABLE 


Catalyst 
alcohol condensa- 
molecules molecules 


Sulfanilic acid ....... 12.8 
Activated clay ........ 14.1 
Concentrated sulfuric 

22.5 


may noted that with sulfanilic acid the p-isomers predominate. Thus, 
the benzylphenol contains 82.9% and 17% o-isomer. With sulfuric acid the 
o-derivatives predominate, while clay occupies intermediate position with 
roughly equal quantities and derivatives. 


the cases the reaction proceeds greater extent the expense 


TABLE 
Products Condensation Two Molecules (in 


Hydroxy derivatives 


phenol alcohol ether 
8.4 


7.0 
1.3 


Catalyst 


Sulfanilic acid ... 
Activated clay .... 
Sulfuric acid ..... 


TABLE 
Products Condensation Three Molecules (in 


and 


Catalyst 


Sulfanilic 
Activated 
Sulfuric 


condensation benzyl alcohol with phenol than the direction condensation 
molecules benzyl alcohol with each other. 


Using sulfanilic acid, the total yield ethers 58.4% and that hydroxy 
products 28.8%; with sulfuric acid, the other hand, hydroxy products are 
formed greater extent (42.1%) than ethers (35.56%); activated clay yields 
42.4% hydroxy products and 43.5% ethers. 


Experiments were also carried out with substituted phenols. was found 
that under our conditinns, and o-nitrophenol not enter into re- 
action with benzyl alcohol. little water evolved when p-nitrophenol 
heated with benzyl alcohol, but working the products about 90% the 
nitrophenol recovered and the residue resin with the odor 
benzaldehyde. Clearly the above-described type does not occur 
here, but some other reaction. p-Bromophenol and reacted 
heating presence acid, although with greater difficulty than 
the case phenol. The sole product the reaction was p-bromophenylbenzyl 
ether. 


facts throw some light the mechanism the reaction under consid- 
eration. The formation ether can proceed the expense the 
hydrogen the phenolic hydroxyl group (scheme result fission 
the phenolic hydroxyl group (scheme B): 


scheme the introduction the and substituents in- 
tensifying the acidic properties phenol should facilitate the reaction, where- 
the case scheme such substituents should retard it. 


The formation benzylphenols proceeds the expense the hydroxyl group 
benzyl alcohol and the hydrogen the phenolic The 


Ethers 
phenol 
35.0 39.35 
54.3 27.5 
26.3 
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hindering effect the introduction bromine may depend the fact that the 
tautomeric effects hydroxyl and the phenol molecule act opposite 


directions. 


The difficulty benzylation nitrophenols has also been noted other 
authors: Baw [3] and A.E.Porai-Koshits [4]. 


EXPERIMENTAL 


order study the condensation two molecules phenol, 
phenol, benzene, and 0.1 catalyst were heated 140° with sulfanilic 
acid, 120° with Chasov-Yar clay activated the method Tishchenko and Ruda- 
kov [s], and 110° with sulfuric acid. all the experiments 19.7 phenol 
was recovered unchanged, and signs reaction whatever were observed. 


Condensation Presence Sulfanilic Acid 


150 benzyl alcohol, 130.5 phenol (1.388 moles each), benzene, 
and 1.4 sulfanilic acid were heated 140° (thermometer liquid), flask 
water trap and reflux condenser. The rate separation water 


Time from start 
reaction (hours) 


Water separated 
(in ml) 


the end the reaction the benzene and phenol were distilled off with 
steam from the yellow liquid. (total 1675 ml) was taken for 
the phenol. This sample yielded tribromophenol (m.p. 95°), 
from which was concluded that the distillate contained 48.4 phenol. Conse- 
quently 82.1 phenol had entered into reaction. 


The phenol the distillate was brought into solution addition alka- 
li. Extraction the solution with ether gave 32.7 substance which was also 
distilled vacuum when 26.8 was obtained with b.p. 92-96° (20 and 3.6 
with b.p. 183-187°. The first fraction turned out benzyl alcohol (b.p. 
204-206°; m.p. the tetrachlorophthalate and the second phenylbenzyl 
(m.p. 38°, mixed melting test). 


The products which did not distill steam were extracted with ether, 
dried with potassium carbonate, and distilled vacuum (20 mm) quantity 
166.6 


First fraction: 173-210°, 91.9 second fraction: 220-269°, 54.2 res- 
idue (resin) 19.7 


The first fraction proved products condensation two molecules, 
and the second three molecules. 


0.3204 fraction 24.39 benzene: 0.35°. 
Found: 
0.2194 fraction II. 26.50 benzene: 0.15°. 
Found: 281. 


TABLE 


Investigation Products Condensation Two Molecules 


The first fraction was worked the cold with 10% solution potassium 
hydroxide. The undissolved products were extracted with ether. solu- 
tion was acidified and the separated phenols were extracted with ether, dried 
with potassium and distilled 3-4 mm, when 42.6 phenols yielded 
fractions: 156-158° (6.8 and 173-175° (30.4 g). 


The first fraction was identified o-hydroxydiphenylmethane from its 
ing point and from the determination the hydroxyl group Tserevitinov's 
method. order remove the admixed derivative, boiled for minutes 
with saturated barium hydroxide solution, filtered off the precipitate, acidified 
the filtrate, extracted the hycroxydiphenylmethane with ether and redistilled it. 
Crystals (5.7 were obtained with m.p. 21° which did not depress the m.p. 
o-hydroxydiphenylmethane. 


The second fraction was identified p-hydroxydiphenylmethane (m.p. 
mixed melting test). 


The alkali-insoluble products (42.3 were also separated into two frac- 
tions when distilled 6-7 mm: 173-185° (19.9g) and 186-190° (14.8 g). The 
residue consisted 6.9 resin. 


The first fraction did not contain hydroxyl, 2.5 was for hours 
with hydriodic acid (b.p. 126°, ml) and glacial acetic acid. The mixture 
was diluted with water and distilled steam. Treatment the distillate with 
water yielded 1.29 while oxidaticn the filtrate with 
potassium permanganate give 1.3 benzoic acid (m.p. 121°, mixed melting test). 
These data indicate that the first fraction contained 30% phenylbenzyl and 
dibenzyl ether. 


Analysis the second fraction the Tserevitinov method revealed the 
presence benzylbenzyl alcohol. 


0.1218 substance: 3.96 ethane (0°, 760 mm). 
0.1126 substance: 3.72 ethane (0°, 760 mm). 
Computed: 13.78 ml, 12.75 ml. 


this fraction and water were heated water bath, and 
the mixture was added over period hours, nitric acid 
(sp. gr. 1.4). 


the conclusion the reaction, the crystals were filtered off and washed 
with water; they were then repeatedly treated with boiling water, after which the 
residue extracted with benzene. The still-warm aqueous solution deposited 
crystals benzoic acid (m.p. 121°, mixed melting test). amorphous precip- 
itate came down when the solution was cooled. repeated crystallization from 
water yielded insignificant amount p-nitropherol (m.p. 113°, mixed 
melting test). The residue after crystallization from xylene gave 0.02 crys- 
tals with m.p. 125° (o-benzoylbenzoic acid melts 127°). 


The benzene solution yielded 0.32 crystals which melted 193° after 
several recrystallizations from benzene. hcating 0.17 this with 
methyl alcohol and sulfuric acid, methyl ester with m.p. 107° was ob- 
tained. These data correspond those p-benzoylbenzoic acid. Consequently, 
this second fraction consists and p-benzylbenzyl ether, dibenzyl ether, 
and small quantity phenylbenzyl ether. 


investigation the Products Condersation Three Molecules 


The product 220-269° mm) was with 10% solution 
potassium hydroxide while stirring for period 6-8 hours. The phenols were 


then separated from the neutral the usual manner. Distillation 
the phenols (7.9 vacuum (20 mm) yielded two fractions: 0.73 b.p. 
and 1.3 with b.p. 180-200°. The first fraction was phenol (m.p. 41°, mixed 
melting test), and the second mixture p-hydroxydiphenylmethane (1.08 and 
hydroxydiphenylmethane which was purificd the manner described above. These 
products could heve been formed only the result the prod- 
ucts condensation three molecules. 

After two distillations the neutral gave the fol- 
lowing fractions: b.p. 81-83° (0.9 g), benzyl alcohol (tetrachlorophthalate, 
m.p. 134°); b.p. 170-180° (4.6 g); b.p. 210-220° (5.1 220-228° 
(8.2 g). 

Investigation the second fraction gave the following results: 

0.2980 substance: 23.20 benzene: 0.33°. 
Found 84.74; 7.33; 198.4. 
0.1142 substance: 12.62 ethane (0°, 760 mm). 
Computed: 12.92 ethane. 


This fraction consequently mixture alcohols, For determination 


structure, was oxidized with nitric acid previously described, and 


acid (m.p. 125°, methyl ester, m.p. 51°) and 0.7 p-benzoylbenzoic acid (m.p. 
194°, methyl ester m.p. 107°). The first fraction therefore mixture 


and p-benzylbenzyl alcohol. 


the products worked before give benzoic acid. o-benzoylbenzoic 


The third fraction does not contain hydroxyl. 


0.2406 substance: 23.65 benzene: 0.18°. 
Found: 288. 
Computed: 274.1. 


This fraction mixture ethers products condensation three 
molecules. For determination their structrue, the fraction was heated 
for hours with 100 15% sulfuric acid, and the phenols were then separated 
from the neutral products the above method and identified. There was obtained 
1.7 phenols comprising 0.43 phenol, 0.53 p-hydroxydiphenylmethane, 0.14 
o-hydroxydiphenylmethane, and 0.5 resinous substances. The neutral products, 
after distillation, yielded 0.54 benzyl ether, 1.01 mixture and 
benzylbenzyl alcohols (judging th- products oxidation) and 1.8 resin. 


Judging therefore the products the ethers formed 
condensation three molecules have approximately the following composition: 


The fourth fraction likewise did not contain hydroxyl group. 


0.6770 substance: 20.69 benzene: 
Found: 288. 
80. Computed: 274; 288. 


The ethers were decomposed heating the water bath for hours with 
10% alkali solution. Applying the above-described method, yielded 0.26 
p-hydroxydiphenylmethane, 0.02 o-hydroxydiphenylmethane, 0.53 benzyl alcohol, 
trace phenol, 2.7 unchanged material, and C.9 resin. The fraction 


accordingly has the approximate composition: 


and —O-CeHs 3.8%, 
and -CeHsC O-C H2CeHs 67.5%, 
O- and p-CeHsC 28.8% 


The total composition the reaction products, calculated the basis 
the preceding data, shown Tables and Since the structure 
the products condensation three molecules obtained based the 
assumption that hydroxydiphenylmethane, like phenol, can only condense with 
benzyl alcohol and not with phenol, tested this supposition experiment. 
was found that heating mixture p-hydroxydiphenylmethane with phenol 
under our reaction conditions, the substances were recovered unchanged. the 
other hand, heating p-hydroxydiphenylmethane with benzyl alcohol, mixture 
ethers with molecular weight 262 was obtained, indicating that conden- 
sation had been effected. 


Phenylbenzyl ether was recovered unchanged after heating with benzene and 
sulfanilic acid. The addition the mixture phenol, order simulate 
our reaction conditions more closely, did not result any change. follows, 
therefore, hydroxydiphenylmethane was the primary product under our reaction 
conditions, and not the product rearrangement phenylbenzyl ether. 


Condensation Benzyl Alcohol with Phenol 
Presence Activated Clav 


150 benzyl alcohol, 130.5 phenol, benzene and 1.4 
clay (Chasnov-Yar) were heated the usual apparatus 120-121°. 


TABLE 


Time from start experiment 
hours 


Amount separated water 
(m1) ee . 23.8 23.85 


The dark-red reaction products were investigated the same method for 
the reaction presence sulfanilic acid, and the isclated substances were 
the same methods. There were obtained phenol and 19.8 
benzyl alcohol which had rot reacted, 89.7 products condensation two 
molecules (b.p. 148-182° mm), 70.5 products condensation three 
molecules (b.p. 210-242° mm), and 22.8 resin. 


The products condensation two molecules were found consist 
phenols and 18.8 neutral The phenols were identified mix- 
ture nearly equal amounts o-hydroxydiphenylmethane (34.2 and p-hydroxy- 
diphenylmethane (34 g). Distillation the neutral portion yielded 
fractions. The first (b.p. 148-149°, 5.3 mainly consisted dibenzyl 
ether and trace phenylbenzyl The second (i54-161°, 
consisted, judging the results analysis the Tserevitinov method and 
the products, mixture and p-berzylbenzyl alcohols (54% 
this fraction) and dibenzyl ether. 


The products condensation three molecules contained all 
hydroxy compounds. 


substance: 0.38 ethane (0°, 760 mm). 
Computed: 8.56 ethane. 


Tne phenols were separated from the neutral compounds treating the whole 
fraction with 10% scdium hydroxide while cooling and stirring. Even 
under these conditions portion the ethers was decomposed, evident from 
the fact that fractionation the yielded phenol, 0.26 
phenol. The first three compounds are products decomposition ethers formed 
condensation three molecules. The was analyzed. boiled 
mm). 


Distillation the neutral compounds (63.2 gave benzyl 
alcohol, 1.1 mixture the and p-benzylbenzyl alcohols and g(b.p. 


0.3672 substance: 20.84 benzene: 0.32°. 
Found: 281. 


Decomposition the ethers heating with sodium hydroxide and examination 
the usual method gave (from fraction): 0.36 phenol, 1.2 p-hydroxy- 
mixture and p-benzylbenzyl alcohols, 1.4 undecomposed and 
2.9 resins. 


Calculation therefore gives the composition for the 
ethers: 


and p-CeHsC HoC eus eoerce 4 56 . 6% 
and p-CeHsC HoCeH4C 28. 6% 
and p-CeHsC HoCeH4C Ho- O- Cr FoCeHs eer oe eee 14 8% 


The complete list products appears Tables and 


Presence Sulfuric Acid 


150 benzyl alcohol, 150.5 phenol, 150 and 1.4 sulfuric 
acid (sp. gr. 1.84) were heated 95-96°. 


TABLE 


Duration 


Amount separated water, 16.5 21.9 23.1 


The reaction mass brownish red. was worked the previous method. 
35.61 phenol and 7.4 benzyl alcohcl did not react. Distillation 
yielded first fraction 94.8 second 66.1 (218-241°), and 
45.7 resins. 


0.1538 first fraction: benzene: 0.21°. 


Found: 187. 


23.9 


the first fraction (products condensation two molecules) were de- 
tected phenols (61.4 and 14.7 p-hydroxydiphenylmeth- 
ane) and alkali-insoluble compounds (10.4 comprising 11.3% and p-benzylbenz- 
alcohols and 88.7% ethers. Decomposition the latter with hydriodic acid 
did not give phenol, that only dibenzyl ether had been formed. 


The second fraction products condensation three molecules contained 
about hydroxy products. After treatment with caustic alkali and distilla- 
tion the alkali-insoluble products, there were obtained 0.14 phenol, 0.3 
mixture and p-hydroxydiphenylmethanes, 1.2 compounds with b.p. 228- 
231° (at mm) and 7.9 resins. 


0.2106 substance: 18.43 benzene: 0.21°. 
0.2418 substance: 18.9 ethane (0°, 760 mm) computed 19.76 

This substance therefore benzylphenol. 

The alkali-insoluble components the second fraction (52.4 gave dis- 
tillation mm) 0.21 benzyl alcohol, 0.36 benzylbenzyl alcchol, and 37.2 
ethers (b.p. 207-243°) with mol. weight 284 and therefore containing benz- 
ene rings. Distillation these ethers with hydroxide yielded 
0.46 phenol, 0.5 p-hydroxydiphenylmethane, 1.4 o-hydroxydiphenylmethane, 
1.37 benzyl alcohol, 1.12 mixture and p-benzylbenzyl 1.6 
undecomposed ethers and 3.1 resins. These ethers therefore have the follow- 
ing approximate composition. 


and p-CeHsC Hs ere eee 27.7% 


Experiments the Condensation Aicohol with 
Substituted Phenols 


Benzyl alcohol and mixture 34.25 p-nitrophenol, 
benzyl alcohol, and benzene was for hours 145-150°. 2.8 


water separated; dehydration benzyl yield 2.41 water. 
the reaction mass were obtained 29.3 and 13.7 resins containing 
crystals Traces benzaldehyde came over distillation 
steam. 


Experiments with the same quantities and with addition sulfanilic 
acid, activated clay drops sulfuric acid likewise re- 
sulted 90% the being recovered unchanged. condensa- 
tion reaction did not take place. Similar resuits were obtained with o-nitrophen- 
ol: less water separated than could result from the formation dibenzyl ether, 
and nearly the whole the o-nitrophenol was recovered. 


and bromo-substituted phenols. 16.5 tribromophenol, 5.4 
benzyi alcohol, benzene, and 0.1 catalyst were heated 


With all the three catalysts not than 0.2 water separated, 15.8- 
15.9 tribromophenol could recovered rather bettcr reaction was 
obtained with p-bromophenol. 34.6 bromophenol, 21.6 benzyl 
benzene, and 0.28 sulfanilic acid were heated for i.5 hours 140° when 2.7 
water separated and the mass became dark-brown. The water had acid reaction 
and gave precipitate with silver nitrate. was found contain 0.039 
bromine. Benzene and benzyl alcohol were distilled off stcam, and the residue 


distilled mm, yielding 20.1 p-b compound with b.p. 164- 
186°, 6.4 with b.p. 190-240°, and 

The 164-186° fraction gave crystals which after crystallization from petrol- 
eum ether melted 61° and were ether. mix- 
ture with p-bromophenol melted The was and insoluble 
alkali. 


0.1896 substance: 0.1412 AgBr. 
0.2534 substance: 17.65 benzene: 


The fraction contained total bromine judging its 
molecular weight, was product condensation molecules benzyl alcohol. 


SUMMARY 


Anhydrous sulfanilic acid, activated clay and strong sulfuric acid can serve 
catalysts the condensation benzyl with phenols. the two pos- 
sible reactions condensation molecules benzyl with each other 
with phenol, the second predominates considerable measure. The resultant con- 
densation products were investigated and illustrated the influence the nature 
the catalyst the reaction course and the composition the 

The latter consist mixture compcunds containing and benzene rings. 

and p-Nitrophenols, likewise tribromophenol, did condense with benzyl alco- 
hol. reaction takes place with p-bromophenol but with much greater difficulty 
than with phenol. 
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BENZYLATION AROMATIC HYDROCARBONS 


PRESENCE ACTIVATED CLAY 


Research for Synthetic and Natural Perfumes (Moscow) 


have made study the dehydration over various catalysts 
with the aim using the reaction for quantitative determination. The amount 
water evolved dehydration served criterion the alcohol content. 
Among the catalysts examined was activated askanite. the 
case benzyl alcohol the most rapid and most complete separation water 
presence askanite was observed medium aromatic solvents: benzene, 
toluene, xylene, cumene, and anisole. Alone sclution normal heptane, 
benzyl alcohol scarcely splits off water presence askanite, notwithstand- 
ing the temperature conditions. this respect resembles other pri- 
mary alcohols. Dehydration benzyl alcohol the absence solvents under 
the influence acidic agents only yields solid resins. detailed survey has 
been published [1] work the dehydration benzyl alcchol alone. 


[2] dehydrated benzyl alcohol presence activated clay 
toluene solution and obtained liquid products, but explained their formation 
polymerization the benzyl alcohol alone. Yu.S.Zalkind and A.L.Kakhniashvili 
[3] were the first recognize the possibility combination benzyl alcohol 
and aromatic compounds presence askanite. They reacted benzyl alcohol 
with resorcinol benzene and isolated solid product with m.p. 78° (benzyl- 
resorcinol). 


They overlooked the possibility reaction between benzyl alcchol and benz- 
ené although they also separated fraction corresponding diphenylmethane. 


Our investigation the products the reaction has shown that benzylation 
according the following general equation occurs when benzyl alcohol heated 
with the above-mentioned aromatic compounds: 


The speed and completeness the dehydration accounted for the benzyl- 
ation reaction which depends not only the mobility the hydroxyl group 
benzyl alcohol but also the presence mobile hydrogen the aromatic hydro- 
carbon resulting from the formation hydrocarbon-askanite complex. The more 
the hydrogen atom the para position the the aromatic 
hydrocarbon, the greater the velocity the reaction and the the yield. 

The importance the mobility the hydrogen atom evidenced with special 
clarity when comparing the results benzylation cumene and proceeding 
one and the same temperature. The the para position anisole 
particularly mobile owing the high degree the 


The following are the main products isolated after cticn benzyl alcohol: 


from these, dibenzyl derivatives 
were formed considerably for cxample dibenzyl the case 
benzene. 

With the except tion the experimenis with dimethylphenyl carbinol, solid 
resins are formed all the reactions The quantity these may re- 
duced with simultaneous increase yield the main product using larger 
quantities the hydrocarbon (see Table). 


and anisic alcohols and some Amount Yield yield 
tertiary alcohols presence toluene per benzyl 
primary saturated alcohols. Cyclo- benzyl -4-benzyl- alcohol 
hexyl alco- alcohol benzene 

hol, and primary octyl alcohol 

not give off water when heated 

toluene presence askanite. 100 


Allyl alcohol reacts only with 200 
anisole and inert benzene and 
toluene. 


also examined the behavior methylphenyl carbinol and dimethylphenyl 
carbinol, which can regarded benzyl which one two hydrogen 
atoms the carbinol group are substituted methyl groups, that the alco- 
hol function becomes secondary tertiary. wished establish whether 
these conditions water simply split off with formation unsaturated hydro- 
carbons whether the alcohol residue combines with the aromatic hydrocarbon. 
Methylphenyl carbinol benzene and yields products substitution 
corresponding physical properties the respective unsymmetrical diphenyl- 
ethanes. 


The tertiary alcohol, dimethylphenyl very quickly loses water 
(like linalool) when heated presence but forms products con- 
densation two alcoholic residues, substitution the aromatic hydro- 
carbon used gives hydrocarbon resembling 
that obtained the action this alcohol and which the 
structure 2,5-diphenylhexene-2 has been ascribed [5]. gives, the 
result condensation two alcohol resi aliphatic hydrocarbon, judging 
the physical properties the contrast the behavior 
benzyl alcohol, the removal water with the same velocity solu- 
tion benzene and petroleum ether. 


Benzylation presence askanite may recommended convenient meth- 
synthesis monosubstituted diphenylmethanes. 


EXDER IMENTAL 


Benzyiation Into flask provided with water trap and 
reflux condenser were introduced: 200 alcohol, 200 benzene, and 
askanite. After for hour (temperature the liquid 90°), 
water was The catalyst was filtered the pump and washed 
with benzene. the benzene 181 product which was dis- 
tilled 
B.p. 
155-200 
200-217 1.5958 


= 
Residue 
2250 


The first fraction solidified cooling ice and then melted Diphenyl- 
methane with m.p. 26° was isolated from it. the fourth fraction, which solid- 
ified standing, was separated 1,2-dibenzylbenzene (m.p. 78°) recrystalliza- 
tion from alcohol. 


Benzylation toluene. Experimental conditions identical with those for 
benzene. The flask was charged with 200 benzyl alcohol, 200 toluene, and 
After driving off the toluene the product was distilled: 


Fraction B.p. Weight, Intermediate 


121-122° mm) 67.7 fraction neg- 
215-248° (20 mm) ligible 
Residue 60.0 


After second distillation two products were isolated: 


b.p. 278-279°; 1.5710; 0.9958; found 185, computed 182. 


found 92.07, 92.38; computed 92.34. 
found 7.45, 7.74; computed 7.66. 
computed 59.65; found 60.13. 


Oxidation with 1.5% permanganate solution gave p-benzoylbenzoic acid with 
194-195° and acid value 231 (theoretical value 248). 


b.p. 225-230° mm; 1.6019; 1.0482; found 88.38; 
computed 89.1. 


found 92.64, 92.78; computed 92.60. 
found 7.47, 7.48; computed 7.40. 


Benzylation m-xylene. Same reaction conditions. Charge: benzyl alco- 
hol m-xylene 130 and askanite After driving off the xylene the 


product was distilled mm: 


Fraction B.p. Weight, 
130-140° 
140-150 
150-250 
Residue 


The fraction boiling 140-150° identical with 
benzene, and after second distillation had the constants: 


Elementary analysis: found 92.29; computed 91.80. 
found 8.27; computed 8.20. 
computed 64.17, found 64.31. 


Benzylation Charge: benzyl alcohol cumene 300 and 
askanite Water was split off quantitatively minutes. The cumene was 


off and the product distilled mm: 


Fraction B.p. Weight, 
145-151° 

Residue 


The second fraction, 
tilled again: 
b.p. 147-148° mm; 1.5570, 0.9697. 
Oxidation with 1.5% permanganate solution gave acid with 
m.p. 194° and acid value 250. According the literature [4], 1-isopropyl-4- 
benzylbenzene has the constants: 


B.p. 310° normal pressure and 176° and 1.007. 


These data deviate from our own. Comparing our figures, however, with those 
reported for the closely related 1-propyl-4-benzylbenzene 152-155° 
and our data may considered more accurate. 


Benzylation anisole. Same reaction conditions, using benzyl alcohol 
anisole 150 and askanite The product was distilled after 


the anisole had been driven off. 
Fraction B.p. Weight, 


154-156 
Residue 


The second fraction, l-methoxy-4-benzylbenzene, had the con- 


B.p. 153-154° mm; 1.5780; 1.5780, 1.0530. The content 
groups determined the method Viebock and Schwappach 
was 14.5% (theoretical value 15.5%). 
From the residue was isolated substance boiling 200-250° 
mm. Its methoxyl group content was 11.7% (dibenzylanisole requires 10.9%). 


Experiments with These were performed under the 
presence 0.5 askanite. The first experiment was carried cut toluene 
when mole water came off. The absence unsaturateds the reaction 
product (bromine number suggested that this case again the alcohol 
residue had combined with the toluene. Distillation the solvent was followed 


second experiment xylene with the same reactants gavel 
B.p. 150-160° mm; 1.5590; 0.9801. 


Experiments with tertiary Linalool. Reaction mixture: 
linalool benzene askarite mole water per mole alcohol was 
evolved the course minutes. The benzene was distilled off and the prod- 


uct distilled mm: 
Fraction Weight, 


168-175 


Residue 


2252 


The second fraction had 1.5020; benzoic acid was not detccted af- 
ter oxidation with 1.5% permanganate. 


Dimethylphenyicarbinol. The starting material contained about 20% aceto- 
phenone which under the reaction conditions did not enter into reaction and was 
recovered unchanged. dimethylphenyl carbinol and 150 benzene were 
reacted the presence askanite. mole water was evolved per mole 
alcohol with exceptional rapidity. Removal the benzene was followed dis- 


tillation mm: 


Fraction B.p. Weight, 
82-85° 
156-160 
Residue negligible 


The second fraction was redistilled: 
B.p. 164-166° mm; 1.5675; 0.9790. 
Bromine number 66.55 (2,5-diphenylhexene-2 requires 67.5). 
Period for complete bromination hours. 
calculated 91.46; found 91.90. 
calculated 8.54; found 
The hydrocarbon obtained the action phosphoric acid dimethylphenyl 
carbinol reported the literature have b.p. 175° and 


The same hydrocarbon obtained dehydration dimethyl carbinol 
toluene. 


SUMMARY 


When benzyl alcohol and phenylmethyl carbinol are heated presence 
askanite solution benzene, toluene, xylene, cumene and anisole, the solvents 
are benzylated and one mole water split off per mole alcohol. 


When tertiary alcohols (linalool and phenyldimethyl carbinol) are heated 
with the above solvents presence askanite, water split off only the 
course denydration and reaction with the aromatic compounds takes place. 


monosubstituted diphenylmethanes and quantitative method for determina- 
tion benzyl alcohol, phenylmethyl carbinol and phenyldimethyl carbinol 
presence primary saturated alcohols. 
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ACETYLENE DERIVATIVES 


MECHANISM HYDRATION AND CYCLIZATION DIENEYNES. 


XXX. SYNTHESIS AND TRANSFORMATIONS VINYLETHYNYL RORNEOL 


Chemical Institute the Academy Sciences the USSR 


preceding studies our laboratory was shown that the most diverse 
vinylethynyl carbinols can readily transformed into the corresponding cyclo- 
pentenones one the following two schemes: 


CHo 


transformations iliustrative the first scheme, the cyclization 
vinylallyl ketones effected the expense the free hydrogen the vinyl 
group and leads the formation substituted 

The basis the second scheme the cyclization vinylallyl ketones not 
possessing free hydrogen atoms the vinyl radical; cyclization then effected 
the expense the free hydrogen the allyl group and leads formation 

substituted [2]. 


The application these transformations the cyclization vinylethynyl 
carbinols makes possible the preparation with ease polycyclic 
ketones containing the cyclopentenone nucleus well angular substituents 


interesting exception these transformations represented the 
behavior ketones which have proved completely 
resistant cyclization the usual reaction the corresponding cyclopenten- 
ones (bicyclooctenones), but instead are readily hydrated bycyclic pyrones 


The discovery steric hindrance the cyclization 
tenyl ketones presents great theoretical interest and demonstrates the difficulty 
formation polycyclic systems with five-membered rings. also 
reveals the existence special and still unclarified stereochemical struc- 
ture. These facts readily account for the negative results obtained 
Marvel attempting the cyclohydration 


the present paper report study the behavicr the above-des- 
transformations vinylethynyl borneol which synthesized 62% 
yieid the action magnesium bromovinylacetylene camphor. the hydrogen- 
ation vinylethynyl borneol (I) presence catalyst, the theoretically 
required molecules are and butylborneol (II) formed. 
vinylethynyl borneol (I) readily effected heating with potas- 
sium bisulfate with formation 70% yield dieneyne hydrocarbon, presumably 
vinylethynyl camphene (III), the usual camphenic rearrangement during the 
vinylethynyl borneol Hydrogenation the dieneyne (III) 
with catalyst results the molecules hydrogen, and 
saturated hydrocarbon formed ascribe the structure 
hydrocamphene (IV). 


Like other dieneynes,vinylethynyl camphene (III) readily hydrated when 
heated aqueous sclutions mcthanol presence mercuric sulfate, forming 
allylcamphenyl ketone (V) about 80% yield. The latter absorbs molecules 
hydrogen catalyst and forms propyldihydrocamphenyl 
ketone (VI). Under the conditions hydration the dieneyne (III) allyl- 
camphenyl ketone (V), one molecule methanol becomes attached the allyl 
group, yielding ketone (1X), which 
vacuum presence sulfonic acid leads reversal the process 
with re-formation ketone (V). All our attempts convert 
the dieneone (V) cyclic ketone were unsuccessful. When heated with phos- 
phoric acid, the diencore (V); likewise the carbinol (I) and the dieneyne (III), 
resinified completely, while treatment with phosphoric acid the cold allyl- 
camphenyl ketone (V) caused hydration crystalline saturated compound with 
the formula which ascribe structure (VIII). The latter 
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(IX) 


(VIII) 


(x) (XI) 


was most probably formed hydration the (V) with rearrangement 
the carbon framework followed cyclization the resultant intermediate keto 
alcohol (VII). The pyrone (VIII) could have also been formed hydration 
vinylethynyl bornylene (X) and the corresponding dieneone (XI), but this route 
not very probable since the dehydration vinylethynyl borneol (I) must 
yield not vinylethynyl bornylene (X) but vinylethynyl camphene (III). 


EXPERIMENTAL 


Synthesis 2-Vinylethynyl Borneol 


camphor 100 absolute ether was added the course 
hour ethereal solution magnesium vinylacetylene bromide prepared 


CHs 
90% 
(v) (vz) 
(VII) 
CHs 
a 
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from 21.6 magnesium, 108 vinylacetylene and 225 abso- 
lute ether. The reaction mixture stirred 10-15° for hours and 
left overnight. the following day stirring was continued for another hour 
room temperature and for hours the temperature boiling ether. The 
cooled mixture was hydrolyzed with 10% hydrochloric acid (360 ml), the product 
extracted with ether, the solution neutralized with soda, dried with sodium 
sulfate, and fractionated vacuum, yielding 2-vinylethynyl borneol 
(I) the form highly viscous, colorless which crystallized the 
receiver: 

B.p. 89-90.5° mm; m.p. 


Found 82.35; 9.98. 


Hydrogenation Borneol 


catalyst. Hydrdgenation was complete after hours when 3.32 liters mole- 
cules) hydrogen had been absorbed. Distillation vacuum the hydrogen- 
ation product gave 2-butylborneol (II) the form viscous, colorless 
liquid: 


B.p. mm; 1.4832; 0.9416; found 63.80; 
computed 63.97. 


Found 79.96, 79.95, 12.12, 12.39. 


Dehydration Borneol 

mixture substance and freshly calcined finely pulverized 
potassium bisulfate was placed distillation flask provided with 
mator, and heated nitrogen stream the vacuum water-jet pump mm); 
when the temperature the bath reached 115°, distillation commenced. The 
b.p. 87-103° mm, was dried with calcium chloride and distilled 
vacuum, yielding vinylethynyl camphene (III) the form mobile, 
colorless liquid: 


B.p. 99° 7.5 mm; 1.5340, 0.9536; 
found 61.98, computed 59.51. 


Found 0.07, 9.63. 


Hydrogeration Vinylethynyl Camphene 
substance glacial acetic acid was hydrogenated presence 
catalyst. Hydrogenation was complete after hours when 1.4 liters mole- 
cules) hydrogen had beer absorbed. The product was neutralized with caustic 
alkali solution, extracted with ether, dried with sodium sulfate, and fraction- 
ated. There was obtained butyldihydrocamphene (IV) the form 
mobile, colorless liquid: 


computed 62.45. 


Found 86.20, 86.12; 12.96, 


Hydration Vinylethynyl Camphene 


mercuric sulfate (added equal portions during the whole the experiment) 
and dieneyne (III) was stirred for hours 60-65°. Following the heat- 
ing, the methanol was distilled off low vacuum the water bath (60°) 
the course minutes. The residue was diluted with ether and neutralized 
with soda solution. The ether extract was dried with sodium sulfete and frac- 
mobile, pale-yellow liquid: 


B.p. 122-125° mm; 1.4918; 0.9981; found 68.58; 
computed 68.25. 


Found 74.31, 74.40; 10.20, 10.29. 


Removal Methanol from the Methoxy Ketone (1x) 


mixture substance and 0.03 p-toluene acid was heated 
vacuum (170 mm) 125-135° for minutes. The cooled reacticn product was 
extracted with ether, with soda solution, dried with sodium sulfate, 
and fractionated. There was obtained 4.5 allylcamphenyl ketone (V) the 
form pale-yellow, mobile liquid: 


B.p. 104-106" mm; 1.5068; 0.9875, found 61.50; 
computed 61.53. 


Found 80.07; 10.16. 


Hydrogenation Allylcamphenyl Ketone 


catalyst. Hydrogenation was complete after hours when 6CO mole- 
cules) hydrogen had been absorbed. The product was neutralized with caustic 
alkali solution, extracted with ether, dried with sodium sulfate, and distilled. 
There was obtained 1.5 propyldihydrocamphenyl ketone (VI) the form 
colorless, mobile liquid: 


B.p. 105-106° 3.5 mm; 0.9679; found 
computed 62.46. 


Found 80.26, 80.37; 10.94, 


Crystalline derivatives this ketone could not obtained. 


Ozonation Allylcamphenyl Ketone 


Ozonized oxygen (6% ozone) was passed rate 4.5 liters/hour for 
form solution the ozonide was poured into water (35 ml) and the mixture stir- 
red for hours room temperature. the following day 30% hydrogen peroxide 
was added and stirring continued for hours 55-60°. The was 


neutralized with soda (3.2 separated, and the aqueous 
layer extracted with ether. After solutions had been dried with sodium sulf- 
ate, the ether were the water bath, but the residue 
neutral products was insignificant g). Analysis the aqueous solution 
salts the calomel method gave 0.4654 formic acid (69% theory). The 
solution was evaporated dryness vacuum, the residue acidified with concen- 
trated hydrochloric acid ml) and extracted with ether. The ether extract 
the organic acids was dried withsodium sulfate and fractionated. There were ob- 
tained 0.35 formic acid (b.p. 99.5-101° 750 mm) and 2.25 organic 
acid the form viscous, transparent, pale-yellow oil which was impos- 
sible crystallize. 


Hydration Ketone 


mixture dieneone (V) and phosphoric acid (sp. gr. 1.78) was 
stirred room temperature for hours. The reaction product was dissolved 
ether, neutralized with soda solution, dried sodium sulfate, and 
ated vacuum. There was obtained 6.3 colorless, very viscous liquid: 


B.p. 121-123° mm; 1.5020, 


partially crystallizing standing. 2.5 crystais tetrahydro-y-pyrone 
(VIII) was filtered m.p. 94.5-96° (from petroleum ether). 


0.1208 substance: 15.80 benzene. 
Found: 229, 230. 
Computed: 


was impossible prepare crystalline derivatives the pyrone (VIII). 
shaking solution pyrone (VIII) glacial acetic acid ina hydrogen 
atmosphere over catalyst, hydrogen was taken and the compound was re- 
covered unchanged. 


SUMMARY 


Reaction magnesium vinylacetylene bromide with camphor gave 62% 
yield 2-vinylethynyl borneol (1) which underwent dehydration distillation 
vacuum over potassium bisulfate 2-vinylethynyl camphene (III) ina 
yield 


Hydration the dieneyne (III) aqueous methanol presence merc- 
uric sulfate gave ketone (V) whichaids one molecule methanol 
and gives ketone (IX). Cleavage methanol from the 
methoxy ketone (IX) gave ketone (V). 


Aliylcamphenyl ketone incapable cyclization and 
treatment with phosphoric acid only hydrated saturated compound 
which ascribed the structure the tetrahydro-y-pyrone (VIII). 


The unsaturated compounds (I, III, and IV) were hydrogenated with 
catalyst the corresponding saturated compounds (II, IV, and VI). 
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ACETYLENE DERIVATIVES 


TETRAHYDRO- 4-FURANONE AND 


Organic Chemical Institute the Academy Sciences the USSR 


one the earlier communications from our laboratory was shown [1] 
that dimethylvinylethynyl carbinol transformed two directions when heated 
with dilute sulfuric acid presence mercuric sulfate. far the greater 
proportion the carbinol isomerizes ketone, which under- 
goes hydration 2,2-dimethyltetrahydro-4-pyrone. The latter isolated 
yield about 60%. amount the carbinol undergoes direct 
intermediate unsaturated keto alcohol one) which 
cyclizes 2,5,5-trimethyltetrahydro- 4-furanone. The latter isolated from 
the reaction products yield only 7-8%. These transformations may 
illustrated the following scheme: 


about 


was here found that the transformation vinylethynyl carbinols into 
the corresponding furanones may constitute the chief and even the sole course 
the reaction. This behavior more conspicuously exhibited isopropyl- 
vinylethynyl carbinol, which when heated with phosphoric acid gives single 
reaction product the shape 2-methyl-5-isopropyltetrahydro-4-furanone 
yield 40%. The mechanism this reaction, already shown [2], 
involves the direct hydration the triple bond the carbinol unsatur- 
ated a-keto alcohol and cyclization the latter the furanone accordance 


with the scheme: 


The characteristic behavior isopropylvinylethynyl carbincl toward phos- 
phoric acid undoubtedly bound with the difficulty its dehydration 
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6-methyl-1,5-heptadien-3-yne, which the reaction exclusively 
directed toward the hydration th: triple bond the were unable 
effect the dehydration isopropylvinylethynyl carbinol even with the aid 
potassium bisulfate, p-toluene sulfonic acid sulfuric acid. Our interest 
the dehydration carbinol derives from the fact that 
were attempting prepare 6-methyl-1,5-heptadien-3-yne this route order 

study the mechanism its hydration and cyclization. The latter reactions 
should lead cyclopenten-5-one, analogy with the trans- 
formations the homologs this simplest dieneyne, [2]: 


Isopropylvinylethynyl carbinol behaves analogously other vinylethynyl 
carbinols [3] when heated with dilute sulfuric acid acetone solution pres- 
ence mercuric sulfate, and converted about 50% yield into 
tetrahydro-4-pyrone. This transformation involves preliminary isomerization 
the isopropylvinylethynyl carbinol ketone and dehydration 
the latter 2-isopropyltetrahydro-4-pyrone according the scheme: 


Depending therefore upon the reaction conditions, isopropylvinylethynyl 
carbinol may undergo transformation either way its direct hydration 
B-isopropyldivinyl ketone followed hydration the latter 2-isopropyl- 
tetrahydro-4-pyrone. 


might have been expected the basis the behavior isopropylvinyl- 
ethynyl carbinol presence phosphoric acid, that other seccndary vinylethyn- 
carbinols would also readily transformed into the corresponding furanones. 
Accordingly investigated the behavicr toward phosphoric acid methylvinyl- 
ethynyl carbinol the expectation 2,5-dimethyltetrahydro-4-furan- 
one according the scheme: 


however, effect this transformation because methylvinylethynyl 
carbinol completely resinified heated with concentrated phosphoric acid 
(sp. gr. higher), while when heated with dilute phosphoric acid (sp. gr. 
1.7 and lower) was recovered unchanged. 


EXPERIMENTAL 
Synthesis Isopropylvinylethynyl Carbinol 


vinylacetylene-magnesium bromide prepared the usual manner (from 13.2 
magnesium, ethyl bromide, 150 absolute ether, and gaseous vinyle 
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acetylene) was added isobutyric aldehyde absolute ether the 
course minutes through dropping funnel room temperature. 


The reaction mixture was heated for hours the boiling point ether, 
and was left overnight. After working and distillation the usual manner, 


B.p. 78-81% mm; 1.4770 
Yield 


Hydration Isopropylvinylethynyl Carbinol 


Isopropylvinylethynyl carbinol and phosphoric acid (sp. gr. 1.76) 
were heated with vigorous stirring for hours 60-65°. The reaction product 
was diluted with water, neutralized with soda, extracted with ether, dried, and 
fractionated vacuum. There was obtained 5.5 2-methyl-5-isopropyltetra- 
hydro-4-furanone the form mobile, colorless liquid with pleasant odor: 


B.p. 170-173° 760 mm; 68-70° mm; 1.4440; 
found 39.27; computed 38.60. 


6.210 substance: 15.429 COs; 5.510 

Found 67.85, 67.81; 10.07, 9.96. 


addition the furanone described above, this experiment also yielded 
undistillable resin. 2-Methyl-5-isopropyltetrahydro-4-furanone readily 
forms semicarbazone which after recrystallization from ethanol melts 200°: 


substance: 0.785 (19°, 752 mm). 
4.320 substance: 0.807 (20°, 751 mm). 
Found 21.48, 21.50. 


The carbinol recovered unchanged when isopropylvinylethynyl carbinol 
stirred with phosphoric acid gr. 1.76) for hours room temperature; 
mixture the carbinol aud the furanone obtained when the carbinol 
heated with the same acid for hours 40-50°. The original material re- 
covered unchanged when the carbinol heated with potassium bisulfate 150° 
150 vacuum for 30-40 minutes. Resinification occurs when the carbinol 
heated with p-toluene sulfonic acid nitrogen stream 100° vacuum 
for only minutes. 


2-Isopropyltetrahydro-4-pyrone 
11.5 isopropylvinylethynyl carbinol, acetone, 10% sulfuric 
acid and 1.2 mercuric sulfate were refluxed for hours with energetic stir- 
ring. The mercuric sulfate was introduced small portions intervals 


4-5 hours. The product was worked the manner and distilled vacuum 


specific pleasant odor: 
B.p. 193-194° 760 mm; 1.4495; 0.9822; found 38.81; 
computed 38.60. 


Found 67.40, 67.25; 10.16, 10.01. 


2-Isopropyltetrahydro-4-pyrone readily forms semicarbazone which after 


4.745 substance. (21°, 751 mm). 
4.725 substance: 0.897 (21°, 750 mm). 
Found 20.96, 21.17. 


Comparative Table Physical Properties 
tetrahydro-4-furanone and 2-Isopropyltetrahydro-4-pyrone 


M.p. semi- 


tetrahydro-4-furan- 


hydro-4-pyrone 


SUMMARY 


2-Methyl-5-isopropyltetrahydro-4-furanone and .2-isopropyltetrahydro-4-pyrone 
have been obtained the hydration isopropylvinylethynyl carbinol. mechan- 
ism for these transformations given which illustrated the 
scheme: 


CHs 
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ACETYLENE DERIVATIVES 


124. AND THEIR TRANSFORMATIONS 


I.. THE OXIDATION MESITYL OXIDE AND 
THE CORRESPONDING 


Organic Chemical Institute the Academy Sciences the USSR 


The oxidation various types olefinic compounds the corresponding 
a-oxides glycols the subject extensive literature. 


far back 1909, Prilezhaev [1] discovered general method for the 
preparation a-oxides the action benzoyl hydroperoxide olefins 
medium inert solvent. variety a-glycols also readily obtained 
the action hydrogen peroxide olefins. This reaction effected either 
solution tertiary alcohols (butyl and amyl) presence catalysts 
[2]) solution anhydrous formic [3] acetic [4] acid. 
addition olefinic hydrocarbons, unsaturated alcohols, acids, ethers, halo- 
gen derivatives and ketones with isolated double bond may also hydroxyl- 
ated this method. However, ketones are not readily amenable 
oxidation and hydroxylation this way, the reaction generally being accom- 
panied rupture the double bond. 


Although some cases also possible the other methods convert 
ketones the keto glycols small yield, 
has been found quite impossible apply methods the conversion 
unsaturated ketones into the corresponding a-ketoxides. 


The first representative the a-ketoxides was prepared 1913 Widmann 
[S] who condensed benzaldehyde with bromacetophenone presence sodium 
ethylate: 


According [6], this method only applicable the prepara- 
tion aromatic oxides, but Timnikova and [7] also used obtain 
good yields ketoxides the aliphatic-aromatic series. 


1921 Weitz and Scheffer [8] simple method for the prepara- 
tion a-ketoxides the action alkali peroxides ketones: 


now, however, this method has been used for aromatic ket- 
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our laboratory about age simple methods were developed, the 
basis isomerization vinyl=thy ,in presence mercury salts, 
for the preparation the most diverse alkoxy and 
divinyl ketones, which have already been *he object systematic investigations 
for many years. 


was considered interest utilize these readily accessible divinyl 
ketones alkoxy ketones for the study their oxidation reac- 
tions with the aim preparing the corresponding a-ketoxides, ketodioxides, keto 
glycols, keto erythritols, which are potentially important starting materials 
for new interesting including some which border the carbohyd- 


rates. 


The first compound selectec for this investigation was 
4-hexen-3-one (III) which easily prepared, previously shown [9], iso- 
merization dimethylvinylethyryl carbinol (I) methanol solution: 


CH3 


(1) 


The expected the double bond takes place smoothly when the 
methoxy ketone (III) oxidized with alkaline hydrogen peroxide, and the ketox- 
ide (IV) formed yield about 70%. heating with water the latter 
compoun hydroylzed the keto glycol (V), which means acetic anhyd- 
ride converted into its diacetate (VI): 


(v) (VI) 


Treatment the methoxy ketone (III) with alkaline hydrogen peroxide yields, 
addition the ketoxide (IV), substance, unidentified structure 
yield about 20%. isomeric with the keto glycol (V) but differs 
markedly its much lower boiling point and containing only one hydroxyl 
group. 


Distillation the ketoxide (IV) with p-toluenesulfonic acid vacuum 
does not result methanol being split off, apparently taking 
place with formation about yield product unidentified structure 
with constants those the initial ketoxide. 


presence alkali, the ketoxide (Iv) readily undergoes condensation 
solid polymer with loss methanol the expense the methoxy group and 
the hydroger the methylene adjacent the group. The mean 
molecular weight this polymer corresponds ten elementary particles and its 
structure represented the formula (VII): 
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trace the could isolated when the methoxy ketone 
(III) was oxidized with alkaline hydrogen peroxide acetone solution, since 
under these conditions completely condensed the polymer (VIII), 
was demonstrated special experiment. 


similar behavior toward alkalies exhibited 
ane-3-one (VIII), which under the influence alkali likewise condenses 
rather more slowly) liquid polymer (IX), the molecular weight which 
corresponds elementary particies: 


NaOH 


The keto glycol (V) was also prepared small yield addition hydro- 
gen peroxide the methoxy ketone (III) dissolved tertiary butyl alcohol 
presence osmium tetroxide [2}. the other hand, reaction hydrogen per- 
oxide with the methoxy ketone (III) anhydrous formic acid [3] results al- 
most complete cleavage the double bond with formaticn acetone and B-meth- 


CH3 


The smooth course this reaction may exploited for synthetic purposes 
the preparation B-alkoxypropionic acids well for the determination 
the structure related compounds, place ozonation. 


The reaction acetyl hydroperoxide with the methoxy ketone (III) solu- 
tion glacial acetic acid solution leads partial cleavage the molecule 
with formation B-methoxypropionic yield about 30%. Concurrently 
the double bond the methoxy ketone (III) oxidized, the form- 
ation total yield 30-35% neutral products, the main component which 
crystalline substance unidentified structure with the composition 
The ketoxide (IV) may also among the neutral products, but could 
not isolated the pure 


Thus, the method using alkaline hydrogen peroxide gives the smoothest oxid- 
ation the unsaturated ketone (III), with retention the carbon 
skeleton, all the tested. For the purpose comparison, this 
method was also tried out with mesityl oxide. Treatment mesityl oxide (X) 
with alkaline hydrogen peroxide yielded the previously described ketoxide 
(IX) small its hydrolysis with water gave the keto glycol (XII) which 
has also previously prepared the hydroxylation mesityl oxide [10]: 


NaOH 
(x) 


The reaction mesityl oxide with hydrogen peroxide differs from that with 
the methoxy ketone (III) being extremely and leading the form- 
ation two isomeric ketoxides (XI), additicn low-boiling de- 
composition and high-boiling products from which was isolated 
isomeric with the keto glycol (XII), but with much lower boiling point. 


The second high-boiling isomer was possibly formed the iso 


| 
| 
(XII) 


modification [11] mesityl oxide, may have the structure represented 
formula (XIV): 


(XIII) (XIV) 


EXPER IMENTAL 


1-Methoxy-5-methyl-4-hexen-3-one (II) was prepared, already described [9], 
the isomerization dimethylvinylethynyl carbinol methanol solution 
presence mercuric sulfate. has the constants: 


Mesityl oxide was distilled before the experiment and b.p. and 
1.4435. 


Oxidation 1-Methoxy-5-methyl-4-hexen-3-one with Alkaline 
Hydrogen Peroxide. Preparation the Ketoxide (IV 


three-necked flask provided with mechanical stirrer, thermometer, 
and two dropping funnels was placed solution 155 methoxy ketone (III) 
1000 methanol; the solution was cooled with ice-salt mixture (-10°) and 
with continuous stirring 268 15% hydrogen peroxide mole) and aque- 
ous solution sodium hydroxide were run simultaneously over period two 
hours. The oxidation strongly exothermic. The rate addition the hydro- 
gen peroxide and alkali was regulated that the temperature the liquid did 
not exceed 0°. The hydrogen peroxide remaining the reaction mixture was anal- 
yzed titrating samples with sodium hyposulfite. 11.54 hydrogen peroxide 
was found the reaction mixture minutes after addition the reagents 
total 40.2 g). After minutes there remained 4.47 and after hour 
minutes substantially the whole the peroxide had entered into re- 
action. 


The solution was neutralized with 10% sulfuric acid (45 ml), the separated 
sodium sulfate was filtered off, the methanol driven off low vacuum, and 
the reaction product extracted with ether, dried with magnesium sulfate, and 
fractionated vacuum. 


There was obtained 100 ketoxide (IV) the form colorless, mobile 
liquid with faint characteristic odor: 


B.p. 73-74° 2.5 mm; 1.0135; found 40.96; computed 
40.24, (increment the oxide ring 


Found 60.67, 60.63; 9.01, 9.06. 


0.4095 substance: 16.0 benzene. 0.805°. 

0.4916 substance: 16.0 benzene: 0.987°. 
Found. 164, 161. 

Computed: 158. 


The ketoxide (IV) soluble water and the usual solvents; contact 
with the skin causes itching and develops blisters. 


The semicarbazone the a-ketoxide (IV) melts 87-88°, but could not 
recrystallized since does not separate from solution even after complete 
evaporation the solvents (methanol, ethanol). 


q 
i 


The oxide oxygen the ketoxide was determined the method 
Nicolet and Poulter [12]. weighed amount substance was introduced into 0.2 
solution dry absolute ether. The solution was kept 
flask with ground glass stopper room temperature, and the excess hydrogen 
chloride was back- titrated with solution alcoholic caustic alkali. 
this manner was found that the ketoxide reacts hours the extent 
56.4%, hours 64.25%, and days 


The data show that rupture the oxide ring hydrogen chloride proceeds 
slowly under conditions, requiring over days for its completion. 


Apart from the ketoxide (IV) the above experiment yielded high-boiling 
products consisting mainly substance, [an isomer the keto glycol 
with the following constants: 

B.p. 76-78° 2.5 mm; 1.0781; found 43.49; computed 

Found 54.80, 54.68; 8.95, 8.89. 


Hydroxyl group determination the method Chugaev and Tserevitinov: 


0.0593 substance: 6.14 (17.5°, 752.5 mm). 


Hydrolysis the Ketoxide Preparation 1-Methoxy- 


solution ketoxide (IV) 250 distilled water was heated 
the water bath 70-72° for hours. The color the solution changed 
green and drops oily product settled the bottom the flask. The solu- 
tion was filtered and evaporated syrup vacuum. The distillate was dried 
with potassium carbonate, and extracted with ether, and the syrup was added 
the ether extracts. After drying with anhydrous magnesium sulfate and driving 
off the ether, the residue vacuum give unchanged 
ketoxide (IV) and ketoglycol (V) the form thick, colorless 
liquid devoid odor: 


B.p. 110° 1.5 mm; 1.4555; 1.1025; found 43.354; 
computed 43.85. 


Found 54.39, 54.61; 9.02, 9.06. 


Determination hydroxyl groups the method Chugaev and Tscrevitinov: 


substance: 11.3 CHy (18.5°, 727.8 mm). 
Found 19.35. 
The keto glycol (v) readily soluble water and the common organic solv- 
ents. does not form crystalline phenylosazcne. 


Preparation the Acetate (VI) 


keto glycol (V) was dissolved freshly distilled acetic anhydride, 


dry sodium acetate was added, and the mixture heated the water bath 70° 


| 
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for hours. The contents th: poured thin stream into iced 
water (200 ml), the acetic acid wes reutralized with soda, the product extracted 
with ether, and the extract dried with megnesium sulfate and fractionated 
vacuum. Double distillation gave the diacetate the keto glycol 


B.p. 106-106.5° mm; 1.4425; 1.0978; found 62.726; 
computed 62.578. 


Found 55.34, 55.60; 7.82, 7.85. 


0.1202 substance: 14.0 benzene: 

0.1814 substance: 14.0 benzene: 0.298°. 
222, 223. 

Computed: 260. 


The compound does not contain free hydroxyl groups. 


was impossible prepare the diacetate the keto glycol (VI) directly 
from the ketoxide (IV) the action mixture acetic anhydride and glacial 
acetic acid presence sodium acetate. 


Oxidation 1-Methoxy-5-methyl-4-hexen-3-one (III) with Alkaline 


Hydrogen Peroxide Dioxane. Preparation the 
Ketoxide 


Into solution 200 methoxy ketone (III) 1000 dioxane was poured, 
described above, the course hour minutes, 328 15% hydrogen per- 
oxide mole) and aqueous solution sodium Little heat 
was developed. After minutes had elapsed from the addition the reagents, 
the solution contained 40.8 hydrogen peroxide (out total 49.4 added). 
strong thermal effect was observed after the addition additional 
sodium hydroxide solution. The temperature the solution rose +14° (the 
temperature the cooling bath was -16°). Within 1.5 hours after addition 
the sodium hydroxide solution the hydrogen peroxide content the reaction mix- 
ture had fallen the following day the solution was neutralized with 
10% sulfuric acid, the precipitated sulfate was filtered off, and the dioxane 
was removed vacuum. The residue was thick polymer which solidified after 
addition water. After two reprecipitations with weter from methanol solution 
and drying vacuum desiccator constant weight, there was obtained 200 
solid polymer (VII) the form fine amorphous with yellow 
and m.p. 110-117°. 


Found 66.08, 66.19; 8.35, 


11.400 substance: 2.09 0.02 solution 

12.501 substance: 2.30 0.02 solution 
Found 1.90, 1.90. 

OCHs 2.39. 


0.3941 substance: 16.0 benzene: 
0.6637 substance. 16.0 benzene: 0.1625°. 
Found: 1268, 1300. 
Computed: 1292. 


The polymer (VII) was very readily soluble methanol, acetone and ether, 
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less easily soluble ethanol and benzene. from solutions 
water and petroleum ether. 


When the oxidation the methoxy ketone (III) carried out acetone 
medium, the polymer (VII) was likewise isolated the sole product quantita- 
tive yield. 


Preparation Polymer (VII) Polymerization the Ketoxide (IV) 


solution sodiun hydroxide and water. The temperature the solution 
rose from 38° and the color changed dark red. After cooling room 
temperature, the solution was left overnight and the following day the product 
was neutralized and isolated previously described. There was obtained solid 
polymer which after reprecipitations with water from methanol solution had m.p. 
120-125° and properties identical with those the above-described polymer (VII). 


Polymerization 1-Methoxy-5-methylhexan-3-one (VIII). 
Preparation Polymer (IX 


1-Methoxy-5-methylhexan-3-one (VIII) was prepared the catalytic hydrogen- 
ation the methoxy ketone (III) autoclave presence nickel, 
and had the following constants: 


B.p. 70° mm; 1.4208 


sodium hydroxide solution and ethanol. The solution was left 
room temperature for days and then worked described above. 


There was obtained liquid polymer which did not distii high vacuum. 
After two reprecipitations from methanol solution with water and prolonged drying 
vacuum desiccator over phosphorus pentoxide, polymer (IX) was obtained 
the form thick, transparent syrup with cherry-red color. 


8.112 substance: 0.73 0.02 solution 
Found 74.90, 74.73; 10.56, 
1.19, 


Direct determination the molecular weight polymer (IX) the cryo- 
scopic method gave very low value (460 the case dioxane and 320 the 
case benzene). 


Oxidation Mesityl Oxide Alkaline Hydrogen Peroxide. 
Preparation the Ketoxide 


solution 150 mesityl oxide (X) 600 methanol was introduced into 
three-necked flask provided with mechanical stirrer, thermometer and two 
dropping funnels; the solution was cooled with mixture ice and salt (-10°) 
end 360 15% hydrogen peroxide mole) and sodium hydroxide solution 
were simultaneously added with continuous stirring over period 1.5 hours. 
The temperature the solution was maintained not higher than +5°. After 
period minutes, hydrogen peroxide remained (out g), and after 
minutes the excess was destroyed addition little 
manganese dioxide. The solution was neutralized with 10% sulfuric acid, diluted 
with water, saturated with sodium chloride, and extracted with ether. The ether 
extracts were dried with magnesium sulfate, the ether was driven off, and the 
residue distilled vacuum give hydroxy fractions (b.p. 60-65° 
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mm) from which the ketoxide (XI) was isolated after fractionations the 
form colorless, volatile, mobi... with characteristic, pleasant 
odor: 
computed 30.06. 
5.595 substance: 12.760 4.395 
Found 62.24, 62.17; 8.79, 8.86. 
0.1538 substance: 16.0 benzene: 
Found: 113. 
Computed: 114. 


This ketoxide formed two dinitrophenylhydrazones: one with m.p. 102-103° 
(from ethanol), and the other with m.p. 130-131°. The ketoxide therefore 
probably mixture two isomers. The 2,4-dinitrophenylhydrazone with m.p. 102- 
103° (golden yellow platelets) isolated smaller amount and probably cor- 
responds therefore the iso form (XIV): 


4.116 substance: 0.678 (22°, 759 mm). 
4.240 substance: 0.695 (21°, 758 mm). 
Found 19.04, 18.98. 
The with m.p. 130-131° (orange iso- 
lated larger amount and evidently the derivative the ketoxide with nor- 
mal structure (XI): 


substance: 0.672 (23°, 748 mm). 
4.295 substance: 0.724 (24°, 748 mm). 
Found 19.00, 19.07. 


The ketoxide (XI) soluble all the common miscible 
with water all ratios. irritates the skir, causing itching and blisters. 


From the high-boiling products this experiment was isolated 5.5 
substance (an the keto XII) the form colorless, 
mobile liquid devoid odor, with the constants: 


B.p. 79-81° mm; 1.0373; found 33.06; 
computed 32.97. 
54.69, 54.41; 8.92, 8.98. 


Found: 133. 
Determination hydroxyl groups the method Chugaev and Tserevitinov: 
substance: 27.0 (17°, 748 mm). 
0.1642 substance: 37.8 (17.5°, 748 mm). 
Found 15.75, 16.28. 


The forms golden-yellow, lustrous platelets, m.p. 


150-151° (from ethanol): 


3.850 substance: 0.823 756 mm). 
4.110 substance: 0.875 (20°, 757 mm). 
Found 24.77, 24.70. 


R-Dihydrazone Computed 24.99. 


Hydration the Ketoxide (XI). Preparation the Glycol 


solution ketoxide (XI) 110 distilled water was left over- 
night room temperature. The solution was then heated for minutes 
boiling water bath, after cooling, the solution was saturated with potassium carb- 
onate and extracted with ether. The ether extracts were then dried with magnesium 
sulfate. After driving off the ether, the residue was distilled give 3.5 
hydration preducts from which, two redistillations vacuum, was 
isolated the keto glycol (XII) the form thick, colorless, and almost odor- 
less syrup: 
B.p. mm; 1.4495; 1.0809; found 32.789; 
computed 32.97. 


Found 54.27, 54.28; 9.07, 8.88. 


0.1657 substance: 16.0 dioxane: 0.355°. 

0.2811 substance: 16.0 dioxane: 0.645°. 
Found: 134, 126. 


Determination hydroxyl groups the Chugaev-Tserevitinov method: 


substance: 40.3 (15.5°, 745.2 mm). 
substance: 12.8 (16°, 745 mm). 
Found 23.82, 23.15. 


2,4-Dinitrophenylhydrazone bright-yellow needles with m.p. 156-156.5° 


(from ethanol). 4.940 761 (23°, 759 mm). 
5.190 substance. 0.606 (22°, 756 mm). 

Found 17.74, 17.88. 


Oxidation 1-Methoxy-5-methyl-4-hexen-3-ore with Per- 
oxide Medium Anhydrous Formic Acid 


332 perhydrol (96 hydrogen peroxide, moles) was introduced over 
period one hour dropwise into solution 100 methoxy kctone (III) 100 
anhydrous formic acid. The temperature the iiquid was prevented from ris- 

ing above 35° cooling with cold water. The reaction was accompanied the 
evolution carbon dioxide. The solution left overnignt room 
and then heated for hours water bath 60-70°. the the 
experiment (after hours) the reaction mixture contained hydrogen peroxide. 


The reaction products were separated distiliation vacuum without neu- 
tralization. The main product the reaction was 
acid, which has been the literature and has the constants: 


B.p. 1.4237. 
Yield about 70% theory. 


addition, acetone, 56-59°, wes obtained. Not more than 


the theoretical amount neutrai products constants corresponding the 
ketoxide was isolated. 


Hydrogen Peroxide ina Medium Glacial Acetic Acid 


Presence Sulfuric Acid 


Acetylhydroperoxide was prepared dropwise addition over period 
minutes 85° 162 perhydrol mixture 102 glacial acetic acid and 
concentrated sulfuric acid. this way hydroperoxide obtained with 
strength 33% and total active oxygen content 22.7 


the course minutes 10C methoxy ketone (III) was added the 
acetyl hydroperoxide solution prepared above. The temperature the liquid 
was 22° cooling with iced water. After for hours 
room temperature, the solution still contained 2.6 active oxygen. After neu- 
tralization the sulfuric acid with sodium acetate, the main bulk the acetic 
acid was distilled off vacuum. The residue was diluted with twice the volume 
water when 3.8 crystalline neutral material was precipitated. After col- 
lection the crystals, the filtrate was neutralized with soda and extracted with 
The ether extracts were dried with sodium sulfate, the ether driven off, 

liquid was obtained which corres- 
The 


ether. 
and the residue distilled 
ponded the ketoxide (IV) properties (b.p. 78-81° 1.4370). 

undistilled product quantity. crystallized partially after days. 

After recrystallization from 50% alcohol the crystalline product melted 
105- 

4.350 substance: 8.890 COs; 3.484 
Found 55.74, 55.66, 8.96, 8.78. 
0.1795 substance: 12.0 benzene: 0.274°. 

The crystalline product did not contain free hydroxyl groups and did not 
form semicarbazone. was not saponified caustic alkaii even 
heating for hours 75°. Its structure was not established. 

From the solution salts, B-methoxypropionic acid was iso- 
lated after concentration vacuun, with concentrated hydrochloric 
acid, and extraction with ether. 


Hydroxyletion -4-hexen-3-one (III) 


Butyl Presence Osmium Tetroxide 


anhydrous solution hydrogen peroxide tertiary butyl alcohol 
the osmium catalyst were prepared the method Milas [2]. The 
catalyst solution osmium tetroxide anhydrous tertiary 
butanol. 


methoxy ketone (III) dissolved equal amount anhydrous 
tertiary butyl was added 110 mole) 5.8% anhydrous solution hydro- 
gen peroxide tertiary butyl elcohol. cooled -3°, was added 
osmium catalyst. Heat was generated during the reaction. After the evolu- 
tion heat had ceased, the flask containing the reaction mixture was removed 
from the cooling bath (ice salt). After hours the reaction mass contained 
0.02 hydrogen peroxide (out 6.45 introduced). After hours the tertiary 


- 


butyl alcohol was distilled off low vacuum room temperature and the res- 
idue distilled vacuum. Two fracticnations then yielded initial meth- 
oxy ketone (III) and thick syrup identified the keto glycol (V); b.p. 
110° 1.5 1.4555. 

SUMMARY 


The action alkaline hydrogen peroxide 
(III) results yield about 70% ketoxide (V), hydrolysis which icads 
the keto glycol (V). The latter forms diacetate acetylation with acetic 
anhydride. The reaction hydrogen peroxide with mesityl oxide more compli- 
cated, yielding about 10% ketoxide (XI) together with isomeric ketoxide 
possessing all probability the structure (XIV). Hydrolysis the ketoxide 
(XI) gives the keto glycol (XII). methods oxidation aliphatic 
unsaturated ketones are unsuitable for the preparation the corresponding 
ketoxides. Oxidation the methoxy ketone (III) with the aid hydrogen perox- 
ide solution anhydrous formic acid leads smooth splitting the double 
bond and the formation acid yield about 


Other products isolated after reaction alkaline hydrogen peroxides with 
the methoxy ketone (III) and mesityl oxide, apart from the ketoxides (IV) and 
(IX), were 10-20% compounds unknown structure isomeric with the keto gly- 
cols and XII). presence alkali the ketoxide (IV) and the saturated 
methoxy ketone (VIII) readily condense with loss methanol and formation 
polymers. probable mechanism for this condensation proposed. 
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THE PROBLEM THE ESTROGENIC ACTIVITY ANOL AND ITS POLYMERS. 


far back 1938 started investigation [1,2] anol (p-propenyl- 


phenol) (I): 


(I) 


which was reported Dodds and Lawson [3] and subsequently Supniewsky and 
Hano [4] the simplest synthetic analog the female sex hormone, promoting 
oestrus the castrated rat when injected quantity and thus approach- 
ing estrone activity. 


specimens pure anol with m.p. 93°, which demethyl- 
ation anethole with alcoholic potassium hydroxide 200-210° proved 
100,000 times weaker than estrone biological tests. Also inactive was the 
anol benzoate which prepared and which has likewise been reported have es- 


trogenic properties [3]. 


the same time that resinous by-products obtained during the 
preparation anol possess high estrogenic activity (of the order 100 
When these were vacuum, fraction with b.p. 200-210° was 
isolated which induced estrogenic reaction young mice doses 0.1 
and other physiological was qualitatively and quantitatively equiva- 
lent the natural hormone estrone. 


was found that the brown resin obtained heating anol 230° for 
hours likewise possesses estrogenic properties, and fractionating vacuum 
40% fraction with activity 1-10 obtained. 


Special interest aroused the development estrogenic activity 
spontaneous polymerization pure anol. The instability anol and its ability 
our own observations, the melting point pure kept glass jar with 
cork stopper falls ten days from 63-65°, after month transformed 
into semi-liquid mass with estrogenic activity the order and 
estrogenic activity was performed (Prof. Baryulin) young nice weighing 


hours; 5-6 days after the first injection, evaluation was carried out the vaginal smear method. 


after months completely changed into oily liquid with activity 

connection with these observatiors have engaged study the 
chemical nature the substances which are formed during the transformation 
anol and which possess estrogenic properties. 


Elementary analysis and molecular weight determinations indicated that the 
most active fractions the products modification anol which have 
called had the composition corresponding dimer 
anol. Since not single one the many possible dimers anol has been des- 
cribed, prepared the following phenols (III) and (IV) from the corresponding 
pentene [7,8] (II), and metanethole 6,4'-dimethoxy-2-methyl-3-ethyl-1-phenyl- 
indane [9,10] (IV): 


R=H (III) 


(IV) 


-omparison their properties with the properties polyanol and its 
dimethyl ether revealed that the ultraviolet absorption spectra the latter 
closely resembled the absorption spectra isoanol (III) and isoanethole (II); 
but the specific gravities and indexes refraction these compounds were 
different, shown the table. 


The biological tests showed 


that the phenol (III} capable Compound 
TIsoanol 1.2840 1.5856 (45 ) 


demonstrated that phenols corres- 
ponding the known dimers 
anethole possess considerably 
lower estrogenic activity than the ective fractions which isolated. 


......... 1.5769 (45°) 


ted the oxidation their methyl ethers with potassium permanganate under the 
conditions used for establishing the structure isoanethole (II) Oxida- 
tion took place slowly and incompletely and yielded anisic acid and unsymm. 
methoxyphenylethyl acetone, which were also obtained the oxidation isoane- 
From the unoxidized residue was separated small amcunt crystal- 
line precipitate identified metanethole (IV); other crystalline materials 
could isolated. Hydrogenation polyanol using nickel catalyst yielded the 


thole over platinum oxide followed demethylationof the resultant dihydroiso- 
anethole [11]. 


the basis these observations can therefore suggested that the 


hydroxide and heating anol, well the mixture formed during its spontan- 
eous modification, comprises isoanol (III) and metanethole (IV) together with 
unknown substance unknown substances with the composition and 
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With the aim clarifying the these active fractions effec- 


dihydro compound which later was prepared hydrogenation isoane- 


mixture dimers anol formed both demethylation anethole with potassium 


high activity. 
were confirm the later statement Campbell, Dodds, and Law- 


which does not affect the melting This compound (known also hexoestrol 
and wes isolated, they report, the amount 0.01% from the mixture 
substances prepared demethylation anethole with alcoholic potassium hyd- 
roxide 210-220°. They explained formation under these conditions the 
phenol (VI) and small quantities p-propylphenol the result hydrogen- 
ation hydrogen which also formed during the demethylation anethole. 


were unable detect the presence phenol (VI) our experiments 
the separation the mixture products demethylation anethole (under 
the conditions specified the English authors) and the most active fractions 
(polyanol). The only product isolated was p-propylphenol, the formation which 
under conditions may more convincingly explained, our opin- 
ion, the thermal decomposition polymers anol course prolonged 
heating temperature the order 200°. known, for that 
the heating anethole 230° yields the methyl ethers p-propylphenol and 
p-cresol [13]. has been stated the literature [14] that p-propylbenzene 
among the products obtained heating the polymers p-propenylbenzene. 


The suggestion the English authors that the high estrogenic activity 
ancl due the presence hexoestrol conflicts with observations 
the estrogenic properties products the modification anol 
spontaneous polymerization heating. Their explanation also entirely 
inconsistent with the results comparative studies the biological properties 
and sinestrol (VI) carried out Preobrazhensky, Krasnokutskaya, 
and Danilova [15], well Barulin, which showed, for example, that poly- 
anol considerably surpasses tests the growth the uterus 
young mice. For these reasons are compelled reject the theory Campbell, 
Dodds and Lawson, and consider more that the estrogenic substances 
formed from anol are the series. 


The isolation the individual compounds pclyanol has proved 
extremely difficult probiem. Attempts scparation throvgh the acetates, 
benzoates, p-nitrobenzoates, methyl ethers and urethanes, well chroma- 
tography, did not lead the preparation crystalline compounds. Only 
benzene solution polyanol had teen stand for six was 
crystalline material separated which melted after repeated 
97-99°. The same substance was isolated working with benzene the frac- 
tion polyanol with b.p. 199-200° mm. The benzoates these products 
melted 126.5-127°, and the m.p. their mixture was not depressed. Nor was 
there any depression the m.p. their mixed p-nitrobenzoates (164°) and 
methyl eters (39-41°). Oxidation the methyl ethers these substances with 
potassium permanganate gave anisic acid and 
ketone, which were obtained, already noted, oxidation isoanethole 
(II). Hence, the crystalline methyl ether also has the structure 
(p, the crystailire substance isolated 
from polyanol has the structure 
Still unexplained the relation between the crystalline compounds which 
have prepared and the already known liquid (II) and the corresponding 


son [11,12] that the estrogenic activity anol (I) developed the presence 
CoHs 


phenol The latter would not substances, but 
mixture isomers. 


4 

Indirect confirmation these views provided the fact that the dimer- 
ization anol anethole solution HCl may yield, depending 
upon the dimerization conditions, either iiquid crystalline dimers which form 
identical oxidation products. Thus, conducting the preparation isoanethole 
under conditions less drastic that those applied and Haworth [8], 
obtained isoanethole with m.p. instead liquid isoanethole 
(IZ); reaction alcoholic HCl with pure, freshly prepared anol 
obtained good yield crystalline 
with m.p. 99-101°. 


investigation the substances formed demethylation anethole with 
potassium hydroxide progress. 


EXPERIMENTAL 


Dimethylation 750 anethole, 1100 potassium hydroxide, 
and 2100 ethyl alcohol were heated 5-liter autoclave with stirrer 
200-205° for hours. During the first day heating the pressure the auto- 
clave rose atmospheres. the following morning the excess pressure 
was released from the cooled autoclave and the heating continued with. 
sions night and release the gaseous reaction products. The solid reaction 
mass was dissolved liters water and the alcohol and the unreacted ane- 
thole (100-120 distilled off steam. The alkaline solution was 
filtered off and carefully neutralized with 25% sulfuric acid weak reaction 
with congo red. The resultant thick, oily layer was separated, dissolyed 
ethylene dichloride, washed water, and dried with sodium sulfate. The 
solvent was removed distillation and the residue distilled vacuum 1-2 
give three fractions. 


The first fraction with b.p. 109-115° (186 crystallized aimost entirely 
the receiver. with m.p. 93° was obtained from recrystallization 
from 


The second fraction (polyanol) with b.p. 210-225° (256 thick, light 
yellow oil, easily soluble ether, benzene, ethylene dichloride, etc. in- 
duces estrogenic reaction young female mice and rats doses 


1.1270; 1.5738. 


Found 80.38; 7.40. 


Molecular weight, (Rast), 271; computed, 268.16. 


The third fraction with b.p. 245-246° (96 brownish-red solid resin, 
completely chloroform and possessing estrogenic activity-of the 
order 


Spontaneous polymerization anol. Anol with m.p. 93° which had been re- 


from chloroform was kept glass jar with cork stopper room 
temperature for days. The melting point had then fallen 63-65°. After 
month had changed into semi-liquid mass, and after months the contents 
the jar consisted fairly mobile reddish-brown liquid not completely solubie 
chloroform and possessing estrogenic activity 


the products modification the anol fraction [1] obtained the 
manner. first fraction: 125°, second fraction: 125-132°, 16.4 


crystallized; third fraction: 8.7 (anol). 


Intensive decomposition commenced with further heating with violent evolu- 
tion gaseous products. 


aw 


The fraction with b.p. 220-240° active dose 
Thermal polymerization anol. pure anol (m.p. 93°) was heated 


oil for hours The resultant transparent orange resin had es- 
trogenic activity about 100y. Fractionation vacuum gave: first 
fraction, 35.6 (anol); second fraction, 232-240°, 1.5640; 
third fraction 240-262°, 16.5 


The fraction with b.p. 232-240° was active doses 


heating anol sealed tube 210° for hours solid orange-red 
resin was obtained which possessed activity the order 100 


Methyl ether polyanol. polyanol (second fraction) was dissolved 
20% sodium hydroxide solution heating 45°, and the cooled solu- 
tion was added dimethyl sulfate small portions with stirring; the reac- 
tion mixture was kept alkaline addition sodium hydroxide solution. The 
mixture was then heated for minutes 60°. The separated oily layer was ex- 
tracted with ether, washed with sodium hydroxide solution and then with water 
and dried with sodium sulfate. The ether was driven off and the residue dis- 
tilled vacuum give fraction with b.p. 189-192° and form- 
ing thick, oily liquid: 

1.5570. 


Molecular weight (Rast) 303; computed 296.2. 


(III) 


From isoanethole. 100 isoanethole prepared the method Goodall and 
Haworth [8] was heated stirring autoclave with 150 potassium hydroxide and 
300 alcohol 210-215° for hours. After solution the reaction mass 
water, distillation the aicohol with ether the unreacted 
isoanethole, the alkaline solution was with 20% sulfuric acid; the sep- 
arated oil was extracted ether; the extract was washed with water and dried 
with sodium sulfate. The was then off and the residue distilled 
vacuum. fraction with b.p. (57 was collected the form 
thick, light-yellow, noncrystallizing oil; 1.5856; 1.280, was ac- 
tive doses 100y. 


From polyanol. keeping solution 100 polyanol 100 benzene 
refrigerator for long period, crystalline precipitate was formed; 
was filtered off Buchner funnei through iayer cloth and washed with 
benzene. brownish-grey crystalline powder was after crys- 
tallizations from benzene was obtained siightly greyish needies with m.p. 

repeated fractionation polyanol vacuum fraction boiling 190- 
200° was obtained the form pale-yellow oil which crystallized when 
benzene was added. After recrystallization crystals with m.p. 99- 
101° were obtained; mixed specimen did not depress the melting the 
substance prepared above. 


water bath with 12% alcoholic HCl 50° for minutes; the mixture was 
diluted with 750 water, the separated oil was extracted with ether, and the 
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ether solution washed with water untii the acid reaction congo red had disap- 
peared. After drying with sodium suifate and driving off the solvent, the resi- 
due solidified standing, and even more rapidly addition few drops 
benzene, crystalline mass with m.p. after recrystallization from benzene 

Found 80.43, 80.60; 7.45, 7.51. 


Methyl ester isoanol (II). 


Crystaliine isoanol was treated with dimethyl sulfate presence caustic aik- 
ali. After the reaction product had been worked vacuum the usual manner, 
fraction was isolated with b.p. 165-167° the form pale-yellow, 
viscous oil which crystallized standing. After two recrystallizations from 
methyl alcohol, formed white, finely crystalline powder with m.p. 


The same compound was obtained heating 125 anethole for hours 
500 12% solution HCl methyl alcohol. The mixture was then run in- 
liters water and the separated oil was distilled vacuum. The fraction 
(84 with b.p. 163-164° solidified crystalline mass from which, 
after recrystallization, was obtained compound with m.p. 39-41°. 


Found 81.41, 81.5; 7.80, 7.80. 
Isoanol acetate. isoanol was acetylated with acetic anhydride the 
Chattaway method [16]. Distillation vacuum gave fraction with b.p. 214-215° 
the form slightly yellowish viscous oil. 


Found 75.29; 7.20. 


Isoanethole p-nitrobenzoate. solution crystalline isoanol pyridine 
was treated with the theoretical amount benzene solution p-nitrobenzoyl 


chloride. crystals with m.p. 164° (from butyl alcohol). 


5.925 substance: 0.264 (19°, 733 mm). 
6.535 substance: 0.294 (19°, 743 mm). 
Found 5.02, 5.07. 
Isoanol benzoate was prepared from crystalline isoanol and benzoyl chloride 
pyridine solution. M.p. 127°. 


(IV). Prep- 


aration was effected slightly modified Perrenoud method [9]. Anethole was 
heated iron pot (with stirrer) with 2.5 parts zinc chloride and parts 
petroleum jelly 150-155° for hours. The reaction mass was treated with 
water, the separated oil was washed with hot water, dried, and fractionated 
vacuum. fraction with b.p. 180-220° was collected and partially crys- 
tallized. was treated with alcohol and recrystallized from glacial acetic 
acid give anethole the form soft needles, m.p. 


Demethylation metanethole preparation 6,4'- 


(V). solution ethyl magnesium iodide, prepared 
from 2.43 magnesium, 5.6 methyl iodide and ether, was added solution 
metanethole isoamyl ether. After driving off the ethyl ether, 


al 


the mixture was heated for hours 180°. The conled mixture was worked 
with sulfuric acid and then washed with water. The isoamyl ether was dis- 
tilled off and the residue distilled fraction with b.p. 
190-200° was collected the form waxy mass, recrystalliza- 
tion which from gasolene (b.p. 80-100°) yielded slightly greyish crystal- 
line powder with m.p. 156°. 


Found 80.40; 7.35. 
Examination metanethole the Allen-Doisy test showed inactive 


Oxidation polyanol methyl ether. Into three-necked flask provided 
with thermometer and mechanical stirrer wes introduced solution meth- 
ether polyanol 1.5568) liter acctone and sodium bicarbonate, 
and while stirring energetically pulverized potassium permanganate was 
added small portions. The temperature the reaction mixture was maintained 
10-14°. When all had been added, the mixture was further stirred for hours, 
after which the precipitated manganese dioxide and salts were filtered off and 
the solvent distilled off (towards the end vacuum). The residual oil (34 
was dissolved alcohol and this solution was added solution 
semicarbazide hydrochloride and sodium acetate alcohol. The mix- 
ture was heated the water bath for and then diluted with water. The 
resultant crystalline precipitate semicarbazone was filtered off, washed 
with ether and recrystallized from methyl alcohol give 4.3 semicarba- 
zone with m.p. 188-189° and not depressing the m.p. the semicarbazone 
(p-methoxyphenyl)-p-propylmethyl ketone obtained oxidation isoanethole un- 


der similar conditions. 

Unoxidized polyanol methyl ether (29.2 was recovered from the aqueous 
alcoholic filtrate extraction with After distillation vacuum had 
the same physical properties the original matcrial. 


The precipitate manganese dioxide was washed with hot water, the wash 
liquors were small volume and acidified with hydrochloric acid. 
The resultant precipitate and recrystallized from water give 
4.3 anisic acid with m.p. 104° 


Repetition the process with the cted polyanol methyl ether 


under the same conditions yielded further 
propylmethyl ketone and anisic acid. The unox:dized residue after third oxid- 
ation (9.4 had 1.0588 and After standing for long period 
deposited crystals (0.3 which recrystallization from acetic 


acid melted 131° and did not depress metanethole. Subsequently 


the filtrate from the metanethole deposited small amount acicular crys- 
tals which melted 215-217.5° (from alcohol). 


Hydrogenation polyanol. polyenoi i50 alcohol was hydrogenated 
atmospheres and temperature 120°. After the and dis- 
tilling off the solvent, the residue was ether and the ethereal 
solution worked with 10% sodium hydroxide scivtion. The substance precipi- 
tated acidification the alkaline solutior was extracted with ether, the 
ether was driven off and the residue vacuum. There was obtained 
6.3 solid vitreous mass (b.p. 216-225° which crystallized stand- 
ing. from alcohcl yielded dihydrcdianol with m.p. 128°. This 
the same the m.p. the dihydrodianol prepared Campbell, Dodds, and 
Lawson [11] hydrogenation isoanethole and 


>UMMARY 


The demethylation anethole with hydroxide was investigated. 


Amcng the products demethylation was fraction possessing estrogenic 
activity approaching that the natural hormone, the cptimum conditions 
for its preparation were established. 


A*-(3,5-p,p-dimethoxyphenyl) -4-methylpentene. 


was shown that substances with estrogenic activity are also formed 
spontaneous polymerization anol and the action heat. 
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THE CONDENSATION Py-INDOLEALDEHYDES WITH MALONIC ACID AND 


ETHYL CYANOACETATE 


Organic Chemical Laboratory the Moscow Chemical Technological Institute 


1926 Rodionov and coworkers [1] discovered very simple method prep- 
aration acids, consisting the reaction aromatic aldehydes 
with malonic acid presence alcoholic ammonia: 


This method was subsequently: extended aliphatic [2], and was 
shown that the method was generally applicable both the aromatic and aliphatic 
series. 

The reaction has not been systematically investigated relation alde- 
hydes the heterocyclic series. Isolated experiments have been made with 
furaldehyde and with all tke the quinoline series. Condensa- 
tion does not take place with 2-furaldenyde and considerable resinification oc- 
curs. Condensation with does not take place smoothly, and 
the main reaction products are and quinolylethylene dicarboxylic 
acids, for example: 


CH=C CH=CHCOOH. 
ard 


The acids were low. 


the present investigation the study condensation with malonic acid 
has been extended the following four most 
indole-3-aldehyde, and 
1,2-dimethylindole-3-aldehyde. 


The first three aldehydes were prepared the literature methods. The 
preparation reacting methylformylaniline with 
1,2-dimethylindole [3] rather involved. was synthesized more 
the methylation with excess dimethyl 
sulfate alkaline medium with yield 80% theory. 


The indolealdehydes vary their behavior during cerdensatior with malonic 
acid under the usual conditions: indole-3-aldehyde and 
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not enter into reaction; the with 2-methylindole-3- aldenyde 
the reaction mass becomes bright red. 


1-Methylindole-3-aldehyde gives 77-78% yield yellow compound with 
m.p. 182-183°. 


Recrystallization from alcohols gave green platelets 
with the same melting point. The structure the com- (COOH 
idene malonic acid, not previously described the lit- 
erature: 


When heated with dimethylaniline this compound 
fairly readily with formation -3)-acrylic 
acid with m.p. 163-164°. Methylindolyl acrylic acid has likewise not been des- 
cribed the literature. by-product obtained small amount substance 
with m.p. 73-74° which very unstable when stored and apparently methylind- 
olylethylene. 


1,2-Dimethylindole-3-aldehyde recovered almost its entirety from the 
reaction product. The reaction mass became cherry-colored. 


Examination the reaction product revealed the presence negligible 


amount two acids: one with yellow color, m.p. 154-156°, was insoluble 


hot benzene, and had acid value 135; the second was white, soluble hot 
benzene, and had acid equivalent 208; m.p. 156-159°. 


preliminary examination suggests that the first acid dimethylskatolid- 
ene malonic acid (acid value 129.6), while the second may dimethylindolylac- 
rylic acid (acid value 215.0). 


Thus, under the conditions reaction used Rodionov neither the 
above indolealdehydes gave the corresponding B-amino acids, and only one case 
(with l-methylindole-3-aldehyde) was the corresponding unsaturated dicarboxylic 
acid isolated good yield. 


attempt was subsequently made prepare 
ethane-a,a-dicarboxylic acid under the conditions proposed Mannich and Ganz 
[4] for the synthesis B-aminodicarboxylic acids, i.e., prolonged standing 


room temperature. Experiments showed that under these conditions 


does not enter into may assert that even 


acid formed heating, its instability will cause lose 


ammonia with conversion into l-methyiskatolidene malonic acid. 


The study the reaction with malonic acid revealed the 
marked influence the presence and methyl groups upon the reactiv- 
ity the aldehydes. Those which the nitrogen methylated react more read- 
ily; the presence group the second carbon atom hinders condensa- 
tion. 


The validity these observations was checked carrying out condensations 


the same aldehydes with malonic Dobner's procedure (i.e., pyridine 


medium with piperidine catalyst), and also with cyanoacetic ester com- 
pound possessing highly reactive methylene group. 


The Dobner condensation was performed under conditions similar those rec- 
ommended for [5]: the mixture aldehyde, malonic acid, pyrid- 
ine, and piperidine was heated for about hours 38-40°. interesting 
note that the reaction mass turned cherry color when 
hyde and 1,2-dimethylindole-3-aldehyde were used. Confirmation was thus obtained 
the observation that aldehydes not possessing methyl group the second 
carbon atom have greater reactivity. Thus, gives 31.6% 


2288 


yield B-indolylecrylic acid; gives mixture 
methylskatolidene malonic. and acrylic acid total yield 
50% theory, while 2-methylindole-3-aldehyde and its N-methyl derivative 
give negligible amounts substances acidic character, the structure which 
could not established owing lack starting material. 


Condensation with ethyl cyanoacetate was carried out room 
alcoholic solution the aldehyde, ethyl cyanoacetate and piperidine was allowed 
stand for hours. All the four aldehydes yielded normal products re- 
action the ethyl esters the corresponding acids. 


the case indole-3-aldehyde and its N-methyl derivative, the condensa- 
tion products separate large quantity after only hour and the yields approach 
the quantitative figures. 


Under the same conditions the reaction with the aldehyde commences 
only after hours and the yield the acrylic acid derivative does not exceed 
26-27% the theoretical. With 1,2-dimethylindole-3-aldehyde the separation 
precipitate commences after hours and the yield 37-38% theory. 


The experimental results are summarized the table. 


products 


Yield condensation 


No. Aldehyde 


cyanoacetate 
(calculated 
initial alde- 


Rodionov's 
method 


method 


Indole-3-aldehyde ........... 

1-Methylindole-3-aldehyde.... 50.0 
Traces 26.3 
Traces 


The supericr condensing ability the N-methylated indolealdenydes 
agreement with the observations Majima and Kotake who carried out the re- 
action nitromethane alkaline medium and only ob- 
tained condensation product efter acetylation the aldehyde the 
nitrogen atom. 


change the activity the aldehyde can probably explained 
the ability this compound exist two tautomeric forms: 


the aldehyde, i.e., formation 


enolic, pseudo- 
aldehydic, indole form 


ence methyl group the 
nitrogen atom excludes the possibility formation the pseudoindole form, 
the compound reacts its aldehydic form, and condensation reacticns proceed 
more readily and with better 


this hypothesis many the reactions become under- 
explains, for example, why not give the reactions Can- 
nizzaro [6] and Perkin the benzoin condensation [7]. Evidence exists 
the reduced reactivity Thus does not react 
hydantoin [8], whereas indole-3-aldehyde and its N-methyl derivative give 
the respective condensation products good 
hyce reacts with benzyl cyanide with great difficulty, only when 
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ith malonic acid With ethyl 

aldehyde 

hyde 


sealed tube [10], while and condense 
easily with formation good yield the nitriles the 
B-indolylacrylic acids [7]. 


The most probable explanation reduced condensing ability e-methyl- 
indole-3-aldehyde is, primarily, that the result the usual type taut- 
omerism compounds with methyl methylene group the and 
the carbonyl group, and secondly that the result the indole-pseudo- 
indole tautomerism which characteristic the aldehvdes this series with 
CHO group the third carbon 


The above theory also sup- 
ported the development deep 

compounds containing similar sys- 

tem conjugated double bonds, and 


which was noted unsuccessful 
attempts condense 2-methylindole- 
-3-aldehyde and its N-methyl deriva- 


respect indole-3-aldehyde 
instance, and condensation products were obtained. 


interesting note that color developed the reaction 
2-methylindole-3-aldehyde and its N-methyl derivative with ethyl cyanoacetate, 
and products condensation involving the aldehyde group were obtained satis- 
factory yields. 


EXPERIMENTAL 


Synthesis the Initial 


Indole-3-aldehyde was prepared the method Boyd and Robson: the ac- 
tion potassium hydroxide alcohol sclution indole and chloroform 
heated [11]. M.p. 190-192°; yield 30% theory. 


was synthesized Wieland's method meth- 
creased the yield methylation product from 68% 95.3%. 


temperature 50-60° ard with intensive shaking, gradual addition was 
made over period hour .25 distilled dimethyl sulfate 
mixture 25.1 indole-3-aldehyde sodium hydroxide 750 water. 
After the addition was eted, was conti. for hours. 
the following day the yellow precipitete methylated product was filtered off, 
washed with water until nevtral litmus, and then with ether. There was obtain- 
23.6 aidehyde with m.p. 69-70° (Wieland gives 65°). 


further 2.6 material was recovered from the ether washings, making 
total 26.2 95.3% theory. 


was prepared the method Boyd and Robson 
reaction excess chloroform and potassium hydroxide with 


(methylketol) was prepared, accordance with the patent- 
method, cyclization acetone phenylhydrazone (as described Fischer) 
presence anhydrous using cumene solvent [12]. Yield 71.5% 
theory. 


was prepared 49.7% yield (Boyd and Robson 
claim 50%); 198-200°. 
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indole-3-aldehyde with dimethyl sulfate alkaline medium. heated 
solution (60°) potassium hydroxide liter water was added alde- 
hyde, and then freshly distilled dimethyl sulfate was introduced with in- 
tensive shaking over period hours. After one-fifth the dimethyl 
sulfate had been added, rapid clouding the solution was observed, accompanied 
separation flocculent precipitate. The next day the yellow precipitate 
the N-methyl derivative was filtered off, washed with water and ether. 0.5 
the original aldehyde was recovered from the washings. There was 
obtained 10.5 methylated product with m.p. 115-125°. One recrystallization 
from alcohol yielded with m.p. 128-130°, corresponding 76.1% the 
theoretical, 80% allowing for the aldehyde which had not reacted. 


After repeated recrystallization the melting point the product did not 
rise above 131° (the literature gives m.p. 132°). 


Analysis compound with 131°: 


Found 76.49; 6.53. 


3.93 substance: 0.287 (26°, 74> mm). 
Found 8.17; 8.28. 


II. Condensation with Malonic Acid ina 
Medium Alcoholic Solution Ammonia 


Two experiments with different heating periods were 
performed. Using ratios starting materials aldehyde, malonic acid, 
and ammonia heating was effected for hours one case and for hours 
the other. 


The results the two experiments were identical: The main bulk alde- 
hyde was recovered unchanged, although considerable resinification took place 
the 17-hour experiment; traces ecidic substance were isolated but iden- 


give details the experiment only: 


mixture aldenyde, 1.6 malonic acid, and alcoholic solu- 
tion ammonia was heated water bath, using reflux condenser. the 
end two hours the whole the aldehyde was disscived, and the end the 
fifth hour dark, viscous mass had formed. was worked the following 
day with 10% sodium carbonate solution. 


Residue insoluble sodium carbcnate. 1.7 m.p. 163-180°. After 
repeated washing with ether and one recrystallization from did not 
depress the m.p. the original aldehyde. 


The soda filtrate was freed from resinous admixtures ether extraction, 
and was then acidified with dilute hydrochloric acid. The transparent hydro- 
chloric acid solution was evaporated dryness. The dry residue was examined 
for its amino acid content. After prolonged over con- 
centrated sulfuric acid, was worked with absolute the alcohol- 
extract was added absolute ether. for many days small quantity 
precipitate with m.p. was obtained which did not depress the melting 
point malonic acid. 


Several experiments were carricd out with 


variations the ratios starting materials and the heating. 
all instances the reaction was substance melting 182- 
183°. 

was heated for hours water bath under reflux condenser. hour after 
the commencement heating the contents the flask suddenly crystallized. 
the following day the solid was filtered off from the alcoholic solution. 


Treatment solid. was washed with little alcohol and treated 
with 10% solution. The soda solution was extracted with ether and acidified 
with dilute hydrochloric acid. The resultant bright-yellow precipitate formed 
green after recrystallization from alcohol; m.p. with decomposition 
182-183°. Weight precipitate 3.65 


The alcoholic filtrate after recrystallization the solid was evaporated 
down and the residue treated with soda solution give 0.6 the original 
aldehyde. The soda filtrate yielded further 0.1 substance with m.p. 182- 


The solid product thus yielded, all, 3.75 green substance with m.p. 
182-183°, and 0.6 original aldehyde. 


The acid filtrate obtained after removal the yellow solid 
was examined the preceding experiment for its content amino acid. 


order obtain more precise results, the filtrates from several exper- 
iments were examined. Just the case the dry residue 
yielded only small amount malonic acid. 


tilled off, and the residue treated with soda. The soda-insoluble residue weighed 
3.4 after washing with ether and did not depress the melting point the orig- 
inal After several reprecipitations and recrystallizations from alco- 
hol, the soda filtrate yielded green material with m.p. 


all, the condensation with malonic acid 
the Rodionov procedure gave 4.15 substance with green color and m.p. 182-183° 
while unreacted aldehyde was recovered. The yield product, calculated 
the l-methylskatolidene malonic acid, was 77.6%, allowing for the unreacted 
aldehyde. 


Analysis substance with green color and m.p. 182-183°: 


Found 63.54, 63.73; 4.58, 4.67. 


3.68 substance: 0.184 (25°, 745 mm). 
4.65 substance: 0.230 (25°, 745 mm). 
Found 5.61, 5.56. 


Equivalent, found: 124.7, 123.4, 123.9. 
Equivalent calculated for malonic acid: 122.57. 


Analysis salt: 0.2538 substance: 0.1184 Ag. 
0.2980 substance: 0.1397 Ag. 
Found 46.65; 46.84. 
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Heating Malonic Acid Dimethylaniline 


Experiment mixture freshly distilled dimethylaniline and 
malonic acid was heated under reflux condenser 
glycerol bath. Vigorous evclution carbon dioxide commenced bath temper- 
ature 80° and was completed after 10-15 minutes. The mass was then heated for 
further minutes, the temperature the bath being slowly raised 160°. 
After cooling, the mass was worked with 15% soda 


The layer was separated from the soda layer and treated with 
dilute hydrochloric acid. The dimethylaniline went into solution and minute 
amount highly resinous solid with m.p. 65-70° was separated. (See experiment 


for purification and attempted identification). 


The separated hydrochloric acid filtrate was rendered alkaline, the separa- 
ted layer was removed and distilled steam. There was obtained dimethyl- 
and about 0.5 resin the flask. The residue was not further investi- 
gated. 


The soda extract was extracted with ether and acidified with dilute hydro- 
chloric acid. Even when the reaction litmus was still slightly alkaline, 
white substance with m.p. 159-161° began separate. Weight 1.3 further 
separation the yellow precipitate the original acid was observed with fur- 
ther acidification until acid litmus. 


The white substance melted 163-164° after recrystallization from 50% 
alcohol. 
Found 71.35; 5.05. 


5.465 substance: 0.322 (25°, 747 mm). 
substance: 0.257 (21°, 746 mm). 


0.0536 substance: consumed 2.62 9.1 
0.1480 substance: 7.38 0.1 

Equivalent, found: 200.0. 

Equivalent calculated for acid 201.2. 


Analysis for salt: 0.1600 substance: 0.0562 Ag. 
Found 35.12. 


malonic acid was heated glycerol bath 120-130°. After 25-30 minutes, 
soon the vigorous evolution carbon cioxide had ceased, the heating was con- 
cluded, and the reaction mass worked Experiment 


Acidification the soda layer yielded negligible amount mixture 
two acids methylindolylacrylic (see Experiment and the original methylskatol- 
idene malonic acid. 


From the dimethylaniline layer was separated 1.2 fine, silky needles with 
m.p. soluble excess acid and coming down again addi- 
tion water. The solid was not soluble the cold water, ether, ligroin, 
poorly soluble benzene, and highly soluble alconol. rapidly darkens 
the air and becomes sticky. rapidly resinifies when attempt 
wash with water, and especially with ether. 


was only possible obtain needles with sandy and m.p. 


recrystallization from benzene. After boiling for hours with excess 
10% potassium hydroxide solution, crystals with m.p, 98-99° were obtained which 
did nct change even when exposed the air for long period. Owing the small 
quantity, this substance was not investigated more detail. 


Analysis substance with m.p. 73-74°: 


7.897 substance. 21.724 COs; 5.486 
Found 84.27, 84.05; 8.51, 8.71. 


2-Methylindole-3-aldehyde. few experiments were performed with varying 


ratios components for various periods time. The reaction mixture acquired 
bright cherry-red color heating. Substantially the whole the aldehyde 
was recovered all the experiments. 


Four experiments were carried out with 


differing ammonia concentrations, times heating and ratios starting mater- 
ials. The same result was obtained all the cases. The main bulk alde- 
hyde was recovered unchanged and negligible amount mixture ‘two acidic 
substances was isolated. The following description one the experi- 


ments. 


mixture 5.9 aldehyde, malonic acid, and 10% ammonia solu- 
tion wes heated for hours. The reaction mass acquired cherry color. 4.1 
aldehyde with m.p. 126-128° was recovered unchanged from the soda-insoluble 
solid. treating the alcoholic filtrate further 1.3 aldehyde wes separated 
together with 0.2 bright yellow substance melting 133-150°. 


Thus, 5.4 aldehyde out original amount 5.9 was recovered. 


Two compounds were isolated from the yellow solid short boiling with 
benzene: 


white, benzene-soluble substance with 156-159° and 
bright-yellow, benzene-insoluble compound with 154-156° (II). 


Owing the negligible emount both the substances, was only pos- 
sible determine their acid values (using the combined products all the 


experiments). 


0.1204 substance (I): used 5.8 0.1 NaOH. 
Equivalent found. 208.0. 

acid): computed equivalent 215.2 
Equivalent found: 135.0. 

malonic acid): computed equivalent 129.6. 


Condensation with Malonic Acid 


Pyridine with Piperidine Catalyst 


mixture aldehyde, malonic acid, pyridine and piperidine was heated for 
hours water bath temperature molar ratio about 1:3 was 
all the cases for the aldehyde and malonic acid. The amount pyr- 
idine was the minimum necessary for solution the reacting components. The 
relative proportion was the same all the experiments. The 
pyridine was first dried standing for long period over solid potassium 
hydroxide and then distilled. 


mixture aldehyde (1.5 g), malonic acid (3.0 


pyridine ml) end drops piperidine was heated for hours bath tempera- 
ture The reaction mass was poured into 300 water which had been 
acidified with acid and allowed stand for hours. The precipi- 
tate was separated from the liquid. The filtrate was made alkaline, freed from 
pyridine extraction with then acidified with hydrochloric acid and left 
till the next day. The precipitate was combined with the main bulk previously 
separated solid (total 1.2 and worked with 10% soda give 0.3 soda-in- 
soluble material which after recrystallization did not depress the m.p. the 
original aldehyde. 


The soda filtrate was acidified with hydrochloric acid give dark-brown 
precipitate B-(indolyl-3)-acrylic acid which, after recrystallization from 
water, melted 194-195° (the literature [s] gives 195-196°). Yield 0.6 
31.6% theory, allowing for the unreacted aldehyde. 


1.6 aldehyde, 3.1 malonic acid, pyr- 


idine, and drops piperidine were heated under the same conditions above. 
The reaction mass was poured into 200 water when yellow precipitate was 
once formed and rapidly changed emerald color standing the air. The 
material was worked the case indole-3-aldehyde. Total yield was 
unrecrystallized solid and 0.3 aldehyde was recovered. 


Two fractions were separated from the soda filtrate, following the treatment 
the yellow solid with soda solution, fractional precipitation with dilute 
acid. 


The first fraction, with pale yellow color, weighed and had m.p. 
130-135°; was precipitated when the reaction was faintly alkaline litmus. 
After recrystallization from alcohol, there was obtained 0.2 
white needles melting 163°, and not depressing the m.p. 


acid, prepared decarboxylation malonic 


acid methylaniline. 
The second fraction 1.1 with bright color and m.p. starting 


165°, came down wher the reaction litmus was acid. Reprecipitation and re- 
crystallization yielded 0.7 green crystals melting with decomposition 182- 
183° and not depressing the m.p. malonic acid prepared 
from i-methylindole-3-aldehyde and malonic acid under the conditions Rodionov's 


reaction. 


Consequently, 1.6 aldehyde had 0.7 malonic 
acid end 0.2 acid. the basis the dicarb- 
exylic acid the yield 50% the theoretical. 


2-Methylindole-3-aldehyde and 1,2-dimethylindole-3-aldehyde. Condensa- 
tions were performed under the same conditions for the preceding aldehydes. 
The reaction masses turned red during heating. Nearly the whole the original 
aldehydes were recovered working traces substances with acidic 
character were isolated but not further investigated. 


IV. Condensation Indolealdehydes with Ethyl Cyanoacetate. 


alcoholic solution aldehyde was added alcoholic solution 
ethyl cyanoacetate and piperidine. The mixture was left for two days room 
The separated product condensation was filtered the pump and 
after one recrystallization was perfectly pure. The molar ratio aldehyde and 
ethyl cyanoacetate all the experiments was about 1:1.5. 


Indole-3-aldehyde. The reactants comprised 0.75 aldehyde and 0.85 
ethyl cyanoacetate together with alcohol and drops piperidine. Consider- 
precipitation commenced after only hour. After standing hours, 1.15 
the ethyl ester acid had separated cut; m.p. 160- 


yield 91.9% the theoretical. The product melted 165° after recrys- 
tallization from alcohol. Van-Order ard Lindwall report yield and 


m.p. 165°. 

Materials used were U.5 aidehyde, 0.5 
ethyl cyanoacetate, alcohol, and drops piperidine. the preceding 
experiment, precipitation commenced after hour. There was obtained 0.7 with 
m.p. 144-146°, corresponding 93.7% theory. The m.p. was 149-150° after one 
recrystallization from alcohol. M.p. 150° and yield 94% are reported the 
literature [7] for the preparation obtained when using diethylamine catalyst. 


Materials used were 0.6 aldehyde, 0.5 


ethyl cyanoacetate, alcohol, and drops piperidine. Precipitation only 
occurred after hours and all 0.25 product melting 238-240° (with decom- 
position) was obtained. The yield was 26.3% the theoretical the basis 
the ethyl ester acid. M.p. after re- 
crystallization 239-240°. (The literature [10] records m.p. 


unreacted aldehyde was recovered from the alcoholic filtrate 
acidification with dilute acetic acid. 


1,2-Dimethylindole-3-aldehyde. Materials used were 1.5 1.5 
ethyl cyanoacetate, alcohol, drops piperidine. Precipitation only com- 
menced after hours. There was obtained 0.8 needles with m.p. 125-127° 
The yield was 37.7% calculated the ethyl ester 
indolyl-3)-acrylic acid. M.p. after from alcohol 129-130°. 
unreacted aldehyde was recovered. 


Found 71.70; 6.22, 6.11. 


3.10 substance: 232 (22°, 736 mm). 


substance: 0.215 (22°, 743 mm). 

10.41, 10.22. 


Found 
Computed 


SUMMARY 
was established that Rodionov's method for preparation 
acids condensation aldehydes with malonic acid alcoholic ammonia was 


unsuitable for the synthesis acids the indole series. 
tion gives acids. 


The effect the presence and position the methyl groups the con- 
ability indolealdehydes was determined. methyl group the second 
carbon atom reduces the ability the aldehyde condense, and methyl group 
attached the nitrogen atom increases it. 


The rule question was substantially confirmed the condensation 
these aldehydes with malonic acid method, well their con- 
densation with ethyl cyanoacetate. 
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THE RELATIVE ACTIVITY METHYL KETONES 


COLORIMETRIC INVESTIGATION THE REACTIVITY ACETONE AND 


ACETOPHENONE REACTIONS WITH 


Tikhonova 


Department General Chemistry the Saratov State Medical Institute 


Variations may occur the reactivity given organic compound dif- 
ferent reactions. very interesting subject for investigation therefore the 


comparative reactivity series organic compounds with one other substance. 
such cases the possibility presents itself determining the components 
mixtures consecutively one and the same reaction without separation the 
components the mixture. considerable simplification then effected 
the procedure for analysis organic 


The comparative reactivity ketones has been studied several authors 
respect the formation hydrazones, oximes, semicarbazones and bisulfite 
compounds (Petrenko-Kritchenko [1], Stewart [2], Conant and Bartlett [3], and 
others). The relative activity ketones condensations with aldehydes has 
hitherto received little attention. These reactions have been studied more 
closely connection with aldehydes [4]. Investigations the reactivity 
ketones the foregoing reactions naturally involved the determination the 
concentration ketone used the reaction formed during the condensation. 
The known reactions ror determination individual methyl ketones are few 
number and relate the colorimetric determination only two ketones acetone 
and acetophenone. However, che determination ketone concentrations other 
methods (gravimetric volumetric) extremely difficult; all the other 
methods are general for methyl ketones ketones all types even for 
carbonyl compounds general. 


Our investigation concerns the problems the relative activity methyl 
ketones.and the processes their condensation with one aldehyde. used 
furaldehyde the aldehyde the reaction. Colorimetric determination was 
selected the investigational method. The determination the relative re- 
activity can carried out comparing the magnitudes the velocity constants 
these reactions [S]. was impossible, however, apply this under 
our conditinns, since, with excess aldehyde, the the reaction 
acetone with 2-furaldehyde differs from that acetopnenone with 2-furaldehyde. 


Acetone and acetophenone react differently with aikaline 
medium. Acetophenone yields only single product 


Three reaction products are formed the condensation equimolar quanti- 
ties acetone and 2-furaldehyde: 4-furyl-3-buten-2-one (II), 1,5-difuryl-3- 
pentadienone (III), and furyl-diacetone (IV). 


(I) 


(III) 


(II) and are formed with excess acetone. single product reac- 
tion only formed when the 2-furaldehyde excess, the product then being 
(III). change the concentration compounds 
under these conditions (excess 2-furaldehyde) only influences the reaction 
velocity without changing its character. our investigation therefore re- 
tained excess the reactions these ketones with 2-fur- 
aldehyde. 


determined the relative activity the ketones the reaction with 
furaldehyde reference the period time from the start the reaction 
its conclusion, i.e., till the instant establishment equilibrium. The 
instant which equilibrium established between the forward reaction and the 
hydrolysis the reaction products naturally considered the end 
the reaction between the 2-fureldehyde and the ketone. Consequently, that 
instant the intensity color the reaction products must maximum. 


The duration the reaction, i.e., the length time from the start the 
reaction its end (to the instant equilibrium) may serve criterion 
the relative activities the ketones their reaction with 
should remembered that the iength time from start finish the reac- 
tion inversely proportional the aldehyde concentration [6]. For this rea- 
son the 2-fureldehyde concentration was kept constant the condensation 
experiments with use various molar ratios aldehyde ketone. The change 
concentration the ketone directly proportional the intensity the 
color, while the duration the reaction does change [7]. 


EXPERIMENTAL 


Acetone and acetophenone were brought into reaction with under 
identical conditions. The reaction took place alkaline medium def- 
inite concentration catalyst and constant temperature. The reaction 
ponents and the solvent were previously purified. 


Condensation 2-Furaldehyde with Acetone 


Reaction was effected between equal volumes 0.010 molar aqueous 2-fur- 
aldehyde, molar alcoholic solution acetone, and 60% aqueous solution 
potassium hydroxide 20°. the end definite intervals time, 
samples reaction mixture were withdrawn and dissolved 50% sulfur- 
acid. The resultent red-colored acid solutions were analyzed the photo- 
colorimeter. The termination the reaction was fixed the maximum deviation 
the galvanometer pointer from 100. 


The results colorimetric determinations are given Table 


Examination the data Table shows that the reaction 2-furaldehyde 


TABLE 
Duration Reacticn Acetone with 
from start reaction 


with acetone under our conditions completed within minutes after its start. 


Similar experiments were carried out with acetone half the previous con- 
centration while the concentrations the other components remained unchanged. 


Results the determinations are given Table 


TABLE 


Duration Reaction Acetone with 2-Furaldehyde 
(Ketone Concentration Halved) 


63.5 
Galvanometer reading 75.2 63.5 


comparison the data Tables and illustrates the lack influence 
the acetone concentration the duration the reaction, the only change 
being the the color. Here also the reaction completed within 
minutes. 


order establish effect change the 2-furaldehyde concentra- 


tion the duration the halved the concentration 
(to 0.005 molar), without charging the acetone concentration, which 
remained 0.002 molar the second experiment. 


Results are presented Table 


TABLE 


Duration Reaction Acetone with with Reduction 
the Concentration 2-Furaldehyde 


from start reaction 


Galvanometer reading 


|66.2 


see from the data Tables and that when the concentra- 
tion halved the duration the condensation doubled. 


63:0 54.8 51.4 50.0 |51.0 
Galvanometer reading 63.2 54.7 51.2 50.0 
63.2 54.6 51.5 50.1 
Mean ..... 63.1 52.5 51.4 50.0 |50.9 
Time (in minutes) from start reaction 
59.5 56.4 55.4 56.8 |56.0 
63.5 59.5 56.5 55.5 56.7 |56.0 
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all these experiments remained excess relation 
the acetone concentration order ensure that only one pro- 
duct, 1,5-difuryl-3-pentadienone, formed during the condensation. 


Condensation 2-Furaldehyde with 


The reaction 2-furaldehyde with acetophenone was effected under conditions 
identical with those for the acetone reaction. alkaline medium was used, 
samples the reaction mixture were dissolved ten times their volume 50% 
sulfuric acid, and measurements were made the photocolorimeter. 


The components the first experiment were equal volumes molar 
solution, alcoholic solution acetophenone with concentra- 
tion 0.004 molar, and 60% aqueous solution potassium hydroxide. 


Results determinations the duration the condensation are given 
Table 
TABLE 
Duration Reaction Acetophenone with 
from start reaction 


minutes 


84.0 82.0] 81.4 80.7 80.5 80.4 


81.2 60.81 80.5 80.3 


the next experiment the concentrations both the ketone and the alde- 
hyde were halved. The resuits are given Table 


TABLE 


Duration Reaction Acetophenone with 2-Furaldehyde 
with Reduced Concentrations Aldehyde and Ketone 


Time (in minutes) from start reaction 


87.2 86.4 85.8 85.0 


88.7 85.8 &.1 


Galvanometer 


Mean 


Comparison Tables and shows that reduction the concentration 
the excess 2-furaldehyde accompanied proporticnal increase the length 
time between the start the reaction and the moment equilibrium. Thus, 
the change the acetophenone concentration does not affect the duration the 
process, just was the case with the acetone. 


From the colorimetric measurements obtained period minutes for 
the period condensation acetone and period minutes for acetophenone, 
using 0.010 moler concentration 2-furaldehyde and 0.004 molar concentration 
the ketone. Hence the relative acitivites the ketones question this 
reaction may expressed the inverse ratio the durations condensation: 


acetone:acetophenone 22:15 100:68. 
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85.0 85.5 
85.8 


The same activity ratio persists when acetone acetophencne conden- 
sed with other concentrations. halving the concentrations 
2-furaldehyce and ketones (under the same respect catalyst 
and temperature), the reaction periods were minutes for acetone and min- 
utes for acetophenone. The relative activitity the ketones these concen- 
trations accordingly 43:30 100:70. 


The ratio characteristic the reactivities acetone and 
with 2-furaldehyde. 


Since the reaction velocity also dependent upon the catalyst concentra- 
tion was interest establish whether not the activity ratio 
was maintained with different concentrations alkali. With this aim carried 
out experiments which the concentrations aldehyde and ketone remained con- 
stant while using 30% solution potassium hydroxide place 60%, i.e., 
the alkali concentration was halved. 


Reactions were carried out with mixture: equal volumes 0.010 molar 
aqueous solution 2-furaldehyde, molar alcoholic solutions the ketones, 
and aqueous solution the alkali. 


Results the colorimetric measurements appear Tables and 


TABLE 
Duration Reaction Acetone with 2-Furaldehyde 


Tables and show that under the given conditions the reaction with acet- 
one completed and that with the acetophenone minutes. 
comparing these figures with those for reactions presence 
more concentrated alkali, can conclude that the the reaction 


TABLE 


minutes) from start reaction 


inversely proportional the catalyst concentration. This agrees with the ob- 
servations and their investigations the velocity 
the reaction acetone with 2.furaldehyde, Experiments have shown, 
however, that the determined ratios activity are also various 
concentrations catalyst: acetone:acetophenone 43:30 


230 


Time (in minutes) from start reaction 
i 
71.8 |68.1 64.8 63.2 
68.2 65.6 63.1 62.2 62.3 62.7 


SUMMARY 


colorimetric comparison was made the reactivity acetone and aceto- 
phenone the reaction with The duration these reactions 
their commencement the moment maximum development color reaction pro- 
ducts was compared. 
These determinations showed that the activity acetophenone 70% 
the activity acetone. 
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INVESTIGATIONS THE FIELD POLYCYCLIC COMPOUNDS. XIII. 


THE SPECTRA. ANTHRAPYRIDONE-ACRIDONE, 


ANTHRAQUINONE-ACRIDONE, ANTHRAPYRIDONE, AND SOME THEIR DERIVATIVES 


Institute Organic Chemistry the Academy Sciences the USSR 


previous communications, two have described the syntheses anthra- 
pyridone-acridone (I) [1], anthrapyridone-5"-methylacridone (II), and anthrapyrid- 
one-5!' ,6"-benzacridone (III) [2], well the changes which take place 
these compounds under the influence aqueous [3]. was found that the 
action dilute solution caustic soda (I), (II), and (III) resulted 
the rupture their pyridine rings. 


These phenomena were investigated greater detail with compound (I), and 
was found that the product the reaction (I) with caustic soda, obtained 
the acidification the alkaline solution, had the structure 
acid (IV). 


order obtain more complete characterization the compounds enumer- 
ated, well additional confirmation the correctness the formula (Iv) 
previously determined, later carried out determinations the absorption 
spectra (I), (II), (III), and (IV), and compared them with the absorption spec- 
tra N-methyl-1(N)-9-anthrapyridone (VI), and 
the methyl ester carboxylic acid (VII). 


(II) (III) 
COOH 
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(VII) 


can seen from Fig. the absorption spectra (I) and (II) are fairly 
close each other, and differ chiefly small displacement the positions 
the maxima end the intensity the absorption. 

Both substances show two definite maxima: (I) 330 and 370 and (II) 


340 and 380 (III) has completely different ab- 
This probably explained the presence additional 


sorption curve. 
benzene nucleus. 


Fig. are shown the absorp- 


Fig. 


III) anthrapyridone-5'',6''-benz- carboxylic acid; anthra- 


tion spectra (IV) and (V). For the purpose comparison, curve (I) also 
given. All three compounds have maximum single region (365 
370 this maximum obviously cheracteristic for the anhtraquinone-acri- 
done grouping. the same time, curves and not show absorption 
maximum 330-340 This maximum has been the case all the 
the anthrapyr idone series which have investigated (except for 


Fig. are shown the spectra (VI) and (VII) along with the 
absorption spectrum (II). can seen, the first maximum (at 340 coin- 
cides completely for all three compounds. addition, (VI) has second absorp- 
tion maximum 400 (VII) has one 405 mu. 


The absence maximum 340 the absorption spectrum (IV) may 
considered confirmation the structure previously determined us, 
accordance with which the product the alkaline saponification anthrapyrid- 
one-acridone lacks the pyridone grouping. 


The measurements the absorption spectra were carried out with Beckmann 
spectrophotometer, model DU. 
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The measurements were carried out 
solutions the substances 94% 
sulfuric 


The syntheses and properties 
compounds (I), (II), (III), 


have been previously described 
compounds (V) and (VI) were obtained 
according the data the litera- 
ture [4,5]; and the synthesis and prop- 
erties 


are described below, 


EXPERIMENTAL 


The Methyl Ester N-Phenyl- 
-1(N) ,9-anthra 
boxylic Acid (VII) 


pyridone-2 carboxylic acid and 0.17 
sodium bicarbonate were dissolved 
water. The solution was filtered, 


and there was added 0.34 silver nitrate. 
which formed was filtered off, and weshed with water and alcohol. 
ver salt was mixed with methyl and boiled for 1.5 hours. 


excess methyl iodide was removed and the 
benzene. 


II) Anthrapyridone-5''-methylacridone; VI) 
N-methy1-1(N)-9-anthrapyridone; VII) N-phenyl- 
acid. 


The yellow-green precipitate 
The dried sil- 
The 


éster (VII) ‘was extracted with 


There was obtained 0.37 light yellow needles. 


After recrystallization from methyl alcohol and 50% acetic acid, the ester 


melted 


was soluble most organic solvents. 


concentrated 


sulfuric acid formed yellow solution which had green fluorescence. 


5.230 substance: 
9.410 substance: 
Found 

Computed 


0.311 (23°, 755 mm). 

75.93; 4.28; 3.79. 

75.58; 3.96; 3.67. 


SUMMARY 
Measurements have been carried out the absorption spectra anthrapyrid- 
one acridone, anthrapyridone-5"-methylacridone, 
acid, anthraquinone-2,1(N)- 
acridone, and the methyl ester N-phenyl-1(N),9- 


anthrapyridone-2 carboxylic acid. The data 
termined structure for compound (IV), which 
thrapyridone-acridone with alkali. 
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THE TRANSFORMATION ASYMMETRICAL DIMETHYLDIPHENYLBUTINDIOL 


ACID MEDIUM 


THE ISOMERIZATION THE GLYCOL UNDER THE INFLUENCE ALCOHOLIC 


SOLUTION SULFURIC ACID 


Laboratory Organic Chemistry the Leningrad Technological Institute 


Among the many derivatives acetylene, the acetylene y-glycols have 
special The investigation this class compounds, which interest- 
ing many respects, has considerable significance both for the solution 
theoretical problems and for the synthesis compounds which are 
not without interest from the practical point view. 


the course our work the investigation the properties 
metrical dimethyldiphenylbutindiol (I) 
became necessary obtain the ester this glycol. 


The glycol itself obtained easily and good yield the method 
V.K.Teterin and A.P.Ivanov [1], the action benzophenone the bromomag- 
nesium alcoholate the bromomagnesium derivative dimethylacetylenyl 
[2], and crystalline substance with m.p. 116-117°. 


Whereas the Mamedov [3] method was used for the synthesis the ethers 
heating solutions the glycols the corresponding alcohols the presence 
small amount acid, were unable obtain much traces 
the ethyl ether the asymmetrical The reaction 
took place another direction, and that depending the concen- 
tration acid, there was isomerization the original giycol into sub- 
stituted tetrahydrofuranone and into a-diketone with open chain carbon 
atoms. 


Upon heating the glycol with 18% alcoholic solution sulfuric acid (by 
weight), isolated amount 90% that the glycol used, colorless crys- 
tals compound isomeric with the glycol with m.p. 66-67°. This extremely 
readily formed semicarbazone with m.p. 210°; did not contain hydroxyl 
group, and corresponded 2,2-dimethyl-5,5-diphenyltetrahydrofuranone-3 (II). 


order demonstrate the structure the tetrahydrofuranone, was 
transformed means magnesium-organic synthesis into tertiary alcohol 
the tetrahydrofurane suries 
(III), which was crystalline compound with m.p. 74-75° (Mechanism I). 


Upon oxidation the tetrahydrofuranol with potassium permanganate the 
presence caustic potash, there were obtained acetone, and acetic and benzilic 
acids. This confirmed the structure this alcohol and the position the 
hydroxyl group the tetrahydrofurane ring, and consequently, the position 
the keto group tetrahydrofuranone (II). 
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CH3 


(Iv) 


CHsCOCHs 


Similar tetrahydrofuranones obtained N.N.Nazarov the isomer- 
ization unsaturated a-ketoacids. 
Upon heating the asymmetrical dimethyldiphenylbutindiol with alcoholic 


solution sulfuric acid, green crystals were obtained with m.p. 132-133°. These 
were also isomeric with the original and were obtained yield above 


90%, based the amount glycol. 


This product, according the data, was a-diketone with 
open chain carbon atoms 2-methyl-5,5-diphenylpentandione-3,4 (IV). For the 
diketone obtained monosemicarbazone with m.p. 160-161° and dioxime, which 
melted with decomposition the range from 135 141° (Mechanism I). 


analogous was observed acid medium V.N.Krestinsky 
for tetramethylbutindiol, from which was able obtain both colored 
diketone, and colorless unsaturated a-ketoalcohol. our case, contrast 
what Krestinsky observed, only thc dikctone was detected. 


must note the ease the a-diketone (IV) into the enol 
form (V). Upon with solution potassium permanganate 
ordinary temperature, observed the products oxidation acetone, benzo- 
phenone, and oxalic acid. These compounds could obtained case there was 
preliminary the diketone. acid medium, oxidation took place 
with rupture the molecule between the ketone groups, with the resultant form- 
ation diphenylacetic acid and acetone products the further oxidation 
isobutyric acid. 


When 12.5% and 15.4% alcoholic solutions sulfuric acid were used, mix- 
ture furanone and diketone was obtained. With the 12.5% sulfuric acid, the. 
diketone predominated the mixture, while with the 15.4% the furanone 
predominated. 


More concentrated sulfuric acid favored the isomerization the glycol 
into the furanore, while with less concentrated acid the transformation the 
glycol took place chiefly the direction the diketone. 


2310 


CeHs 


The isomerization the y-glycol (I) and the probably takes 
place the manner the two-sided acetylene-allene with the 
formation intermediate dienol form (V) 2). 


Mechanism 
COH 
(IV) 


order explain the formation the furanone (II) from the y-glycol, 
possible assume the hydration the triple bond the glycol and the fur- 
ther cyclization the unstable ketoglycol (VI), with the evolution water 
(Mechanism 3). 


Mechanism 
(I) (IT) 


The mechanism the formation the cyclic ketone (II) way the 
ketoalcohol the ethylene series (VIII) less probable this case (Mechan- 
ism this ketoalcohol its form (VII) was not all, 
and addition, the case this sort mechanism, the isomerization the 
would not comprehensibie, seeing that less concentrated 
sulfuric acid the two-sided acetylene-allene rearrangemcnt takes place with the 
formation the diketone, while with more concentrated sulfuric acid the re- 


arrangement one-sided, and leads the instead the other way 
around. 


Mechanism 


CHs CHs CHs CHs CHg 
(I) (VII) (II) 


more thorough investigation the transformation asymmetrical 
diphenylbutindiol will make possible give more analysis the 
mechanism its isomerization, 


4 


The Transformation Asymnetrical Dimethyldiphenylbutindiol 


Under the Influence Alcoholic Solution Sulfuric 
Acid 


Experiment 18% alcoholic solution sulfuric acid. 

95% ethyl alcohol there were added concentrated sulfuric 
acid (sp. gr. 1.83) and 10.5 the y-glycol with m.p.116-117°. The mixture 
was heated water bath (60 70°) with stirring for hours. After standing 
for night, large well-shaped colorless crystals separated out. They had m.p. 
66-67°, and were soluble benzene, acetone, and ether. They crystallized ex- 
cellently from alcohol the form large rhombic platelets. Yield i.e, 
85.7% theory, based the original glycol. 


0.1022 substance: 24.05 0.082°. 
0.1083 substance; 25.38 CeHe: 
Found 81.00, 81.08; 6.93, 6.84; 246, 270. 


hydroxyl groups were detected the with m.p. 66-67°. 


Preparation the semicarbazone. 0.5 the compound with m.p. 66-67° 
there were added alcohol and excess semicarbazide acetate alco- 


hol-water solution. The mixture was then heated water bath. the temper- 
ature attained the melting point the product (66-67°), the latter melted 
form oily drops, which gradually dissolved, and there immediately began volu- 
minous separation crystals the semicarbazone. After recrystallization from 
alcohol, melted 210°. 


0.1500 substance: 16.8 (22°, 760 mm). 
0.1145 substance: 12.7 (20°, 764 mm). 
Found 70.39; 6.66; 12.95, 12.99. 


For the reaction there were taken 0.9 magnesium, methyl iodide, and 
the tetrahydrofuranone. The methylmagnesium iodide was prepared the 
usual way, and there was addcd drop drop solution the ketone 
absolute ether, the mixture being cooled and stirred. After all the ketone 
had been added, the mixture was stirred additional hours room tem- 
perature, and was then decomposed with moist ether, water containing ice, and 
dilute acetic acid. The ether extract was washed with dilute solution soda 
and water and dried with anhydrous sodium sulfate. Crystals precipitated out 
only after almost complete the ether. They were the form very 
fine, small needles, which melted after recrystallization from ligroin 74-75°. 
The compound was very soluble alcohol, ether, acetone, ethyl acetate, and 
benzene, and somewhat less soluble petroleum ether and ligroin. The yield 
was 90%, based the original ketone. 


Found 80.59, 80.63; 7.99, 7.99. 


Determination active hydrogen the Chugaev-Tserevitinov method. 


0.1082 substance: 9.3 (19°, 760 mm). 


Oxidation the furane alcohol. mixture 2.2 the furane alcohol, 
water was stirred for hours bath temperature about 85°. the solu- 
tion did not become colorless the end, 50% solution caustic pot- 
ash was added. After heating under the same conditions for additional hours 
the potassium permanganate was reduced. 


The solution was filtered from the manganese dioxide, saturated with carbon 
dioxide, and the neutral products which were volatile with steam were driven off 
from heating. the distillate, acetone was detected qualitatively the 
iodoform test and the sodium nitroprusside test. The neutral products which were 
not volatile with steam were not separated. The alkaline solution which remained 
after the the neutral products was dried the water bath and treated 
with 10% sulfuric acid, which was edded drop drop until there was acid reac- 
tion. The cloudy solution was extracted with ether give colorless 
shaped crystals, which gave clear red color with concentrated sulfuric acid. 
After recrystallization from water, they melted 149-150°, and did not give 
depression the melting point when mixed with benzilic acid [6]. 


From the acid solution, after the extraction the benzilic acid, acetic 
acid was repeated extraction with ether. was characterized 
means the silver salt: 


0.1131 salt: 0.0728 
Found 64.36. 


From manganese dioxide, distillation with steam gave small amount benzo- 
phenone, whose semicarbazone melted 165-166°, and did not give depression 
the melting point with the known semicarbazone benzopnenone. addition, the 
ether extracted 1.5 substance with m.p. 75-76°, which did not give de- 
pression the melting point with the original alcohol. 


The oxidation products the alcoholwere acetone, acetic and benzilic acids, 
ilic acid. These confirmed the structure the tetrahydrofurane alcohol (III) 
and the position the alcohol group the tetrahydrofurane ring, and this 
turn confirmed the structure accepted for the furanone. 


Experiment II: 7.6% alcoholic solution sulfuric acid. 


trated sulfuric acid (sp. gr. 1.83) was heated for hours water bath 30- 
35°. The color the solution gradually changed from light yellow 
When the solution was cooled, there separated out, after several hours, sharply 
formed crystals the shape rectangular opipeds with 
color. After recrystallization from alcohol, the substance meltcd 

The yield was 90%, based the original glycol. 


The substance was soluble benzene, ether, and acetone. crystallized 
well from petroleum ether, forming crystals with more pronounced yellow tinge 
than upon recrystallization from alcohol. The crystals were clumped together 
nodules, and somewhat different form than crystallized from alcohol. 


Found 81.10; 6.90; 269, 267. 
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negative. 


The Chugaev-Tserevitinov for the presence active hydrogens was 


Preparation the semicarbazone. the substance, 1.4 semi- 
carbazide scetate was added aqueous 


The mixture was subjected long heating the water the yel- 
low-green color the disappeared. Upon cooling, colo shining 
leaves precipitated out. After recrystallization from aqueous alcohol, these 
melted 160°. 


0.0971 substance: 10.7 760 mm). 

Found 70.39; 6.70; 12.80. 


alcohol there were added 0.65 hydroxylamine hydrochloride and one 
drop concentrated sulfuric acid. The mixture was heated with reflux conden- 
ser for hours boiling water bath. Upon cooling, with 
water 50% alcohol content. After days, colorless crystals separated out. 
After recrystallization from aqueous alcohol, these melted the range from 


141°, with decomposition. 
0.0907 substance: (18°, 763 mm). 
0.0506 substance: 4.4 (22°, 758 mm). 
Found 73.31; 6.29; 9.73, 9.90. 


Oxidatinn the compound with m.p. 132-133° with potassium 


was gradually added, while shaking hand, the decomposition progressed, 3.2 
powdered potassium permanganate (based computation atoms oxy- 
gen per one molecule the original compound). 


The colorless solution was filtered off from the manganese dioxide, which 
was treated with steam. From the cloudy distillate yellow was extracted 
with ether. This crystallized after standing. After recrystallization from al- 
cohol, the crystals melted 47-49°, and did not give depression the melt- 
ing point with benzophenone. After the treatment with steam, the manganese di- 
oxide was extracted with ether; this gave the original compound with m.p. 
132°. 

The aqueous alkaline filtrate from manganese dioxide was saturated with 
carbon dioxide, and the acetone was then driven off boiling and detected 
qualitatively. 


The aqueous solution which remained distillation the acetone 


contained salts organic acids. was acidified with dilute sulfuric acid and 


again itself remove any organic acids which were volatile with 
steam. None were found. 


The acid solution, which contained organic acids not volatile with steam, 


decolorized aqueous solution potassium permanganate upon heating, and after 


neutralization with ammonia gave with calcium chloride precipitate which was 
insoluble acetic acid. 


The solution was placed extractor. After hours extraction with 
ether, colorless crystals appeared the walls the receiving vessel. After 

recrystallization from water they melted 101-102°, and did not give 
sion the melting point when mixed with oxalic acid. 


Oxidation compound with m.p. with chromic 

was gradually added, with stirring and cooling, solution 2.5 chromic 
acetic acid. After hours, the oxidation was complete. 


part the solution obtained was diluted twice its volume with water, 
and the acetone was distilled off boiling, and detected qualitatively after 
neutralization the distillate. From the undiluted portion the solution, 
acetic acid was distilled off under vacuum (b.p. 27-30° 7-8 mm). 


The residue from the distillation the acetic acid was neutralized with 
soda and washed with water. Only 0.5 the compound was detected 
it. 


The alkaline solution, obtained after washing the ether extract with soda, 
was acidified with dilute sulfuric acid, and from the cloudy solution crys- 
talline acid with m.p. 144-145° was extracted with ether. According the data 
the literature, diphenylacetic acid [7] melts 146°. mixture containing 
known diphenylacetic acid gave depression the melting The acid 
obtained was converted means its ammonium salt into the salt, which 
was analyzed. 

0.1155 salt: 0.0395 Ag. 
Found 34.19. 

From the analytical data, the compound with m.p. 132° was a-diketone 

isomeric with dimethyldiphenylbutindiol. 


The results the oxidation permit suggest that this diketone exists 
the dienol form alkaline 


Experiment 12.5% alcoholic solution sulfuric acid. 


view the fact that 18% sulfuric acid gave only the furanone and 7.6% 
acid only the diketone, this experiment used 12.5% alcoholic solution 
sulfuric acid. 


1.83) were for with stirring 50°. The solution immediately 
acquired yellow color. Upon cccling standing, there was precipitate 
from the solution. The solution was diluted witn water, neutralized with soda, 
and extracted with ether. After the ether had been driven off, 4.6 (92%) 
fine yellow crystals were obtained. These melted mixed sample 
with the known diketone melted 102-120°, which indicated the lack homogen- 

the product. 


Part the substance obtained was recrystallized from alcohol, and another 
from the petroleum ether. both cases, fine yellowish green crystals with 
132° quickly separated. These gave the melting point with 
the diketcne. From the mother liquid there were obtained, upon standing, color- 
less, well-formed large crystals, slightly superficially with the 
yellow diketone. After washing with smali cold petroleum ether, 
colorless crystals were obtained which melted 66-67° and gave depression 
the melting point with the furanone. 


order determine the amounts and diketone the mixture 
obtained, utilized the tendency the give semicarbazone quickly 
and quantitatively, contrast the diketone, whose monosemicarbazone formed 
very slowly and with difficulty. 


From the mixture furanone and diketone obtained there was formed 


| 


Received March 21, 1949. 


semicarbazone which, after removal from the yellow solution and recrystalliza- 
tion melted 210° and did not give the melting point with the 


the furanone. 


The yield semicarbazone was 0.42 which was correspond 
0.3 the furanone. Consequently, 0.1 the mixture contained 0.3 
the cyclic ketone and 0.7 the diketone. This meant that the glycol, 
treatment with 12.5% sulfuric acid, was 30% isomerized into the furanone and 70% 
into the diketone. 

Experiment IV: 15.4% alcoholic solution sulfuric acid. 


The experimental conditions were similar those the preceding experi- 
ment: the amounts glycol and alcohol were the same, and sulfuric acid 
(sp. gr. 1.83) was used. The color the solution was fainter than Experi- 
ment III. 


Almost 4.5 almost colorless crystals was obtained, part which, after 
washing with cold petroleum ether and recrystallization from alcohol, melted 
66-67° and was the form large, colorless, well-formed, rhombohedra. mixed 
sample with the known cyclic ketone did not give depression the melting point. 


From the solution petroleum ether there was very smell amount 
yellow material which after recrystallization from boiling ligroin melted. 
and corresponded the diketone. 


The semicarbazone with m.p. 210° was obtained the amount 1.2 
the original mixture isomerization products. This showed that the mixture 
consisted the extent 85% the furanone, and 15% the diketone. 


SUMMARY 


has been found that asymmetrical dimethyldiphenylbutindiol (2-methyl- 
does not form ethers with ethyl alcohol under 
the conditions which such ethers are formed for number butindiols with 
structure. 


has been shown that asymmetrical dimethyldiphenylbutindiol, under 
the action alcoholic solution sulfuric acid, gives two isomeric sub- 
stances: 


furanone-3, with m.p. 66-67°, upon heating 60-70° with 18% alcoholic solu- 
tion sulfuric acid; 


a-diketone with open chain carbon atoms 
pentandione-3,4, with m.p. 131°, upon heating 30-35° with 7.6% alcoholic 
solution sulfuric acid. 


3). has been shown that with alcoholic solutions sulfuric acid 
intermediate concentrations both the cyclic ketone and the diketone are formed, 
the ratios these compounds the mixture depending the concentration 
acid. 
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THE TRANSFORMATION ASYMMETRICAL 


ACID MEDIUM 


II. THE CONDENSATION THE GLYCOL ETHYL ALCGHOL 
THE PRESENCE SULFURIC ACID 


Laboratory Organic Chemistry the Lensoviet Leningrad Technological Institute 


the first communication [1], description was given the isomeric 
transformations the asymmetrical acetylenyl y-glycol, 
pentin-3-diol-2,5 (I) (asymmetrical dimethyldiphenylbutindiol) under the influ- 
ence alcoholic solution sulfuric acid heating. 


Upon heating the y-acetylenyl glycol with 18% alcoholic solution sul- 
furic acid, obtained 2,2-dimethyl-5,5-diphenyltetrahydrofuranone-3. 


Upon more gentle heating the glycol with 7.6% solution 
sulfuric acid, the glycol was isomerized into a-diketone, 
ylpentanediol-3,4. 


With alcoholic solutions acid intermediate concentrations, both sub- 
stances were obtained. 


Both these isomerization the glycol were detected during 
attempt synthesize the ethyl ether asymmetrical dimethyldiphenylbutindicl 
(I). 

Not giving the idee the ethyl ether this glycol, de- 
cided carry out the under milder conditions: with very small 
amount sulfuric acid (0.5% weight) and heating. 


Under these conditions. there was obtained, along with the previously de- 
scribed [1] green crystals the second substance, which crystal- 
lized from petroleum ether the form shaped colorless shining rectan- 
gular platelets with m.p. 64-65°. 


The elementary analysis, molecular weight, and ethoxyl group content corres- 
ponded the empirical formula the ethyl monoether dimethyldiphenylbutin- 
diol. However, the substance had obtained neither hydroxyl group 
nor triple bond. could only assume that the addition ethyl alcohol had 
taken place the triple bond with subsequent de- 
hydration and the formation substituted cihydrofurane 
phenyl-3-ethoxydihydrofurane-2,5 (II). similar addition reaction phenol 
tetraphenylbutindiol has been described V.K.Teterin, and S.G. 
Kuznetsov [2]. 


Upon oxidation this compound, interesting characteristic came light. 
The product obtained was stable, like many the dihydrofurane derivatives, 
oxidation acid medium. But upon oxidation with aquecus solution potas- 
sium permangenate the presence caustic potash, tendency hydrolytic 
cleavage was observed the position the heteroatom, along simultaneous 


> 
| 
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oxidation the double the 


Among the neutral products oxidation, substance with m.p. 83-84° and 
the empirical formula CigH2004 was isolated. the basis its analysis, this 
could assigned the structure a-diketo-Y-glycol 
pentandiol-2,5-one-3,4 (III). 

this substance the presence two hydroxyl groups could detected with 
difficulty, but did not give the reactions customary for the carbonyl group. 
This might explained the presence hydrogen bond between the hydroxyls 
and the carbonyls which were present a-positions with respect each other 


CH. 


oxidation 
hydrolysis 
COOHCOOH 
(7) 


Upon heating the (III) with 25% alcoholic solution 
sulfuric acid, the dehydration this took place, and clear red, oily 
a-diketone the tetrahydrofurane series (V) was 

Similar sorts diketones were obtained Yu.S.Zalkind, V.K.Teterin, and 


S.G.Kuznetsov [2], well and P.A.Tikhomolov [3] the re- 
sult the oxidation tetraphenylbutindiol, its analogs, and its derivatives. 


The structure the a-diketone was shown the formation the corres- 
ponding quinoxaline upon with o-phenylenediamine [4]. 


Upon oxidation the a-diketo-y-glycol (III), acetone and diphenylhydroxy- 
pyruvic acid (VI) were formed. Very few such acids have been described the 
literature [5], and they have been comparatively little investigated. has 
been notec that they are easily decarboxylated the air, forming phenylhydra- 
zones and semicarbazones, and upon oxidation break into the corresponding 
ketones aldehydes and oxalic acid. 


The diphenylhydroxypyruvic acid has not been described 
the literature. fairly viscous liquid, which with concentrated sulfuric 
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(I) (II) 
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acid gives intense blue color, and decarboxylated the air with extraord- 
inary ease. The structure the acid was shown complete analysis its 
silver salt, and the preparation and analysis the corresponding semicarba- 
zone. Further oxidation the acid (VI) gave benzophenone oxalic acid. 


order demonstrate the position the ethoxy group the dihydrofur- 
ane ring, ethoxydihydrofurane (II) was heated with 18% (by weight) alcoholic 
solution sulfuric acid. result hydrolysis, crystalline product with 
m.p. 66-67° was obtained. This did not give depression the meiting point 
with the known tetrahydrofuranone (VII), product the isomeric transformation 
asymmetrical dimethyldiphenylbutindioi (I), described the preceding commun- 
ication. This conclusively confirmed for the substance (II) the structure 2,2- 


The contains grouping peculiar the vinyl ethers ob- 
tained A.E.Favorsky and M.F.Shostakovsky the action alcohol 
hydrocarbons the presence caustic potash 


The addition alcohol the triple bond the acetylenyl 
acid medium has been observed for the first time, and can serve confirmation 
the mechanism formation the tetrahydrofurane suggested the first com- 
munication [1], means the hydration the bond the -glycol, with 
subsequent cyclization. 


EXPERIMENTAL 


The Preparation the Substituted Ethoxydihydrofurane, 
II) 


butindiol, and 0.2 concentrated sulfuric acid (0.5% alcoholic solution), 
was vigorously stirred, first room temperature, and then with heating 
water bath 30-35° for hours. The was neutralized with soda and 
filtered. After hours standing, there separated from the solution small 
amount yellow-green crystals the a-diketone, 
Gione-3,4, with m.p. 132°, described communication [1]. The crystals 
were filtered cff, the alcohol driven off vacuum, and the crystalline mass 
obtained was recrystallized ether. Upon slow evaporation, the 
crystals the a-diketone and the ethoxydihydrofurane (II) precipitated out 
separately, and they could separated mechanically. 


The colorless crystals were very soluble alcohol, ether, acetone, and 
ethyl acetate; they well from petroleum ether. The m.p. was 64-65°, 
the yield 75%, computed the basis the original glycol used. 


Analysis the substance with m.p. 64-65°: 


0.1415 substance: 27.06 benzene: 0.09°. 
0.1195 substance: 29.83 benzene: 0.07°. 
Found 81.29, 81.30; 7.59, 7.59; 288, 


Determination ethoxyl groups method: 


0.1684 substance: 0.1318 
0.1537 substance: 0.1216 
Found 15.03, 15.20. 
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furane-2,5 


flask 0.5 liter volume, there were placed the ethoxydihydrofurane, 
caustic potash. The mixture was heated, with energetic stirring, tempera- 
ture from 80°. 


After two days, the colorless solution the alkaline salts organic 
acids was filtered off from the manganese dioxide, and the neutral products insol- 
uble water. The latter had the appearance viscous mass, concentrated 
the form large greenish-yellow peas, which was possible separate from 
the manganese dioxide means pointed glass rod. The manganese 
which remained was treated with steam. the benzophenone wes de- 
tected, and shown present means the semicarbazone. 


The viscous mass neutral oxidation products, the amount was 
dissolved ether, the solution was washed with water, and after the ether had 
been driven off, the residue was dissolved 100 boiling petroleum ether, 
from which there precipitated out, immediately upon cooling, greenish, plate- 
like crystals gathered together nodules, the amount 


From the residue, after the removal the petroleum ether, about 1.5 
the original product was obtained. 


The greenish products obtained from the neutral products oxidation were 
recrystallized twice from petroleum ether. They then melted 83-84°. 
substance was very soluble ether, benzene, and acetone, and somewhat less 
alcohol. dissolved petroleum ether only upon heating. 


Analysis the substance with m.p. 


Found 72.60, 72.70; 6.10, 6.20. 


Determination the number hydroxyl groups the Terentyev method: 


substance: 6.5 (17°, 760 mm). 


Among the neutral products oxidation which were volatile with steam, acet- 
one was detected the usual methods. 

Preparation the diketone the furane series, 
tetrahydrofurandione-3,4 0.35 the substance with m.p. 83-84°, 
alcohol, and sulfuric acid were heated with reflux conden- 
ser for hours. The solution acquired clear raspberry color. clear rasp- 
berry oil was extracted with petroleum ether, and after distillation the solv- 
ent, the oil did not crystallize, and was treated, without purification, with 
o-phenylenediamine. 


Preparation the quinoxaline. solution the clear rasp- 
berry-colored oil there were added excess o-phenylenediamine and amount 
concentrated hydrochloric acid equivalent. the diamine. The 
water bath until the raspberry color disappeared. Upon cooling, crystals sep- 
arated out. After recrystallization from alcohol, these melted 161-162°. 


The quinoxaline crystallized from alcohol the form short rods with 
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hexagonal cross-sections and its faccs strongly refracted light. 


0.0424 substance: 3.5 (21°, 753 mm). 
Found 8.00. 

Preparation diphenyihydroxypyruvic acid acid 
was obtained from the acid products the oxidation 
upon.acidifying the salts the organic acids after 
the removel the manganese dioxide and the neutral products oxidation. 


This was liquid, oily substance, which with concentrated sulfuric acid gave 
intense blue color which did not disappear upon long standing. The acid was 
decarboxylated even the air, giving off bubbles gas, which could seen 
the naked eye, and could seen even better under the microscope. 


The acid was converted, the usual method, into the silver salt, upon which 
complete analysis was carried out. 
0.1172 salt: 0.2119 0.0334 0.0350 Ag. 
0.1048 salt: 0.1913 0.0312 0.0314 Ag. 
Found 49.30, 48.80; 3.15, 3.28; 29.87, 29.86. 


The data obtained those for diphenylhydroxypyruvic acid. 


Preparation the semicarbazone diphenylhydroxypyruvic acid. About 0.5 


the acid was dissolved aqueous alcohol and mixed with excess aque- 
ous alcoholic solution semicarbazone acetate. After days standing, crys- 
tals the semicarbazone separated out. After recrystallization from alcohol, 
these melted with decomposition 135°. 
0.0526 substance: 6.1 (15.5°, 756.5 mm). 
Found 13.55. 

The aqueous solution left after the extraction the diphenylhydroxypyru- 
vic acid was placed liquid extractor. Oxalic acid was extracted, and its 
identity shown means the calcium oxalate, end acetic acid was extracted 
and characterized means the salt. 

Thus, the oxidation 
with m.p. 64-65°, gave, products: acetone, benzophenone, and the 
diketo-Y-glycol acid products, 
acetic, oxalic, and dipherylhydroxypyruvic acids. 

and 0.5 water were heated water bath 70-75° with constant stirring 
for hours. 

After the excess alcohol had been driven off, there separated from the 
solution well-shaped crystals, identical with the 2,2-dimethyl-5,5-diphenyltetra- 
described communication [1]. 


The identity the products was shown mixed test and the prepara- 
ticn the semicarbazone with m.p. 210°, which did not give depression the 
melting point with the known semicarbazone tne tetrahydrofuranone. 


SUMMARY 


have observed tendency the acetylenyl y-glycol, 2-methyl-5,5-di- 
phenylpentin-3-diol-2,5, condense with ethyl alcohol the presence very 


small amounts sulfuric acid give 2,2-dimethyl- 5-diphenyl-3-ethoxydihydro- 


furane-2,5. 


acid medium with the formation ketone the series, 2,2- 


Upon oxidation alkaline medium, the hydrolytic cleavage the dihydro- 
furane ring takes place, 
with the formation a-diketo-y-glycol, 2-methyl-5,5-diphenylpentandiol-2,5- 
one-3,4. Upon dehydration, this converted into the tetrahydro- 
furane series, 2,2-dimethyl-5,5- and upon oxida- 


tion gives acid. 
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THE REACTION THE ESTERS CINNAMIC ACID WITH ISOPROPYL- 
MAGNESIUM ISOBUTYLMAGNESIUM IOCIDE AND BROMIDE, 


BROMIDE, AND PHENYLMAGNESIUM BROMIDE 


Petrov and Bataev 


the investigations one the authors [1] long series 

acids the type (from butyric palmitic, inclusive) well 
the esters benzoic acid, was shown that there was another course for 
the magnesium-organic synthesis for tertiary and compared 
with the primary compounds, namely, the formation, instead tertiary alcohols, 
symmetrical ketones containing radicals corresponding the radical the 

cid used. continuing this investigation, A.D.Petrov recently showed [2] 
the esters such strong acids formic and o-hydroxybenzoic also reacted 
with secondary alkyl-magnesium halides according 
the nomral mechanism. was interest investigate the relation with regard 
the secondary alkyl-magnesium halide the esters acids containing double 
bond the the carboxyl, i.e., the type 


The literature contains [3] only investigations the reactions esters 
cinnamic acid with the Grignard reagents and which have 
tendency decompose (the the 1,2 position, the 
allel investigation the behavior with the esters cinnamic acid 
the isopropyl, isobutyl, and n-butyl. latter primary alkyl 
acids. While, for example, ali the cases investigated, 


with the esters monobasic acids such wav the 
oic acid, has been shown P.P.Shorygin [+], give chiefly the 
alcohol. Skraup and Freundlich [5] were unable the tertiary alcoh 

the reaction this halide with the cster acid, and 
Halse [6] obtained the tertiary alcohol carbinol) only re- 
action with the ester strong which was distinguished 
its steric hindrance. Among the the cin- 
namic acid witn isopropyimagnesium acetone. However, 
the tertiary, the latter giving diene hydrocarbons 


and tar. 

tne reaction products consisted the tertiary carbinol, 
mixed benzyl dienes and tar. were The 


7 
7 


formation the tertiary alcohol the addition the 1-2 
position) was confirmed the reaction n-butylmagnesium iodide also with the 
ethyl ester cinnamic acid. this latter case, the tertairy alcohol, which 
was obtained higher degree purity, was dehydrated, and the hydrocarbon 
formed was oxidized. Among the products oxidation, benzoic and butyric acids 
were identified. the case the benzyl ester cinnamic acid, the reaction 
with iodide took place chiefly according the mechanism al- 
ready indicated for n-butylmagnesium bromide, with the formation the tertiary 
alcohol, dienes, and tar, that is, differed from the reaction this alkyl 
halide with the ester benzoic acid. addition, crystalline reaction pro- 
duct, which turned out stilbene, was here formed. cannot assume the 
formation stilbene the result the disproportionation benzil, 
this sort disproportionation would also have take place the reaction 
with isopropyl bromide. There, however, stilbene formed. appeared 
more probable that the formation stilbene was the result the condensa- 
tion and decomposition the magnesium halide-alcoholate benzyl alcohol, ac- 
cording the equations: 


The formation stilbene probably explained not much the 
specific influence the isobutyl radical the condensing action the 
iodine. may recall that the reaction cyclohexylmagnesium bromide with 
benzophenone, A.E.Arbuzov and I.A.Arbuzova have benzhydrol formed, 
while the action cyclohexylmagnesium iodide gives benzpinacone. 


the reaction the benzyl ester cinnamic acid with when 
carried out +20°, there formed, not count the benzyl alcohol, 
only the saturated tertiary alcohol 1,1,3,3,-tetraphenylpropyl alcohol, with m.p. 
95°. This synthesis takes place, apparently, according the following equa- 
tions: 


he 


OMgBr OMgBr 


_ 


interest note that Kohler [8], carrying out the synthesis with 
and the ester cinnamic acid -10°, only the intermediate 
this synthesis: the ester acid with m.p. 
with m.p. 47°. Kohler [9] was able obtain 
alcohol only the reaction CeHsMgBr with benzalacetophen- 
Thus, the halting the reaction intermediate stages may sometimes 
result not only steric hindrance, but lowering the reaction tem- 


EXPER IMENTAL 


Isopropylmagnesium bromide and the benzyl ester cinnamic acid. 


used magnesium, 185 isopropyl bromide, and 225 the ester 
acid. After decomposition, there were obtained: 


Fraction with b.p. 61.5° 2mm, Fraction II, with b.p. 90° 
and III, tarry residue, 210 


Although the percent hydroxyl groups found analysis Fraction was 
close that required for styrylisapropyl carbinol, and close 
thet required Sor styryldiisopropyl carbinol, the data elementary analysis, 
the values and indicated that these fractions had com- 


mixture of, the alcohols indicated with benzyl alcohol and diene hydro- 
formed result the dehydration the tertiary alcohol. 


From the tarry residue, which consisted chiefly polymers the diene 
obtained amount about 1.5 lemon-yellow crystals with 
112° (after recrystallization). 


Found 86.68, 86.83; 6.10, 6.28. 


Determination molecular weight: 


0.1332 substance; 14.25 benzene: 0.199°. 
Found: 
Computed: 234. 


mixed test with known dibenzal acetone showed depression. 


iodide and the benzyl ester cinnamic acid. 


used magnesium, 0.5 mole isobutyl iodide, and 0.5 mole the 
Fractional distillation the reaction product gave: 


Fraction with boiling range 78-121.5° mm, Fraction II, with 
‘ling range 121.5-125° mm, Fraction III, with boiling range 125-166° 


Determination the number hydroxyl groups, Tserevitinov's method, 
the fraction with range 121-125° 


0.2402 substance: 23.4 (0°, 760 mm). 
Found 7.44. 


0.9749; 1.5251: 
Found: MRp 77-33. 
Computed: MRp 78.16. 


that required, the fraction witn range is, just 


The fraction with boiling range 125-166° hardened completely give 
white mass. trying determine not contained the original 
ester, saponified witha 10% caustic potash. After the sapon- 
ification, crystals separated out with m.p. (after recrystallization). These 


gave dibromide with m.p. 237°. 
The molecular weight was determined for tne crystals with m.p. 


0.0742 substance; 16.31 benzene: 0.125°. 
Found: 186.6. 
Computed: 180.1. 


n-Butylmagnesium bromide and the benzyl ester cinnamic acid, 
n-butylmagnesium iodide and the ethyl ester cinnamic acid. 


took magnesium, 280 n-butyl bromide, and 290 the benzyl 
ester cinnamic acid. Upon decomposition, obtained fraction with 
boiling range 129-132° and 180 tarry residue. 


The fraction obtained, according the data elementary analysis and the 
values n§° and was mixture benzyl alcohol with tertiary alcohol 
(styryl-dibutyl carbinol) and the products the latter's dehydration. 


Wishing obtain purer tertiary alcohol, carried out second synthe- 
sis with magnesium, 285 n-butyl iodide, and 140 the ethyl ester 
cinnamic acid. The first distillation gave: Fraction with boiling range 
46° mm, 39.5 Fraction II, with boiling range 46-140° mm, 

Fraction III, with boiling range 140-176° mm, Fraction IV, tarry 
residue, 


Upon second fractionation Fraction III vacuum, there were obtained: 


Fraction with boiling range 120° 1.5 mm, 2.6 Fraction with 
boiling range 120-123.5° 1.5 mm, 37.4 fraction III with boiling range 123- 
130° 1.5 mm, 3.8 Residue, 3.5 


Fraction II, with boiling range 120-123.5° 1.5 mm, amount, wes 
dehydrated over Houdry catalyst the apparatus Dine and Stark. There 
were obtained 2.3 water and 17.5 with boiling range 130- 
140.3°, mm. The latter was oxidized with solution Among 
the products oxidation, benzoic acids were identified. 


Phenylmagnesium bromide and tne cster cinnamic acid. 


used magnesium, 164 bromobenzene, and 0.5 mole the ester 
cinnamic acid. After decomposition, which took place with greater difficulty 
than usual, and for the accomplishment which was necessary use 
solution the reaction product was fractionally distilled give: 
Fraction with boiling range 46-89° mm, Fraction with boiling 
range 89-90° mm, fraction III with boiling range 90-160° 
Fraction IV, tarry residue, 142 


Fraction II, with boiling point 89-90° mm, was distilled atmospheric 
pressure 202-204°. was benzyl alcohol. 


Found 76.97; 7.70. 


1.0483; 1.53803. 


Found: MRp 32.24. 
Computed: MRp 32.44. 
Determination the content hydroxyl groups: 
0.2254 substance: 47.52 (0°, 760 mm). 
Found 16.10. 


raction III crystallized, and after numerous recrystallizations from pet- 
roleum ether, had m.p. 94-95°, corresponding that 1,1,3,3-tetraphenylpropyl 
alcohol. 


0.1620 substance; 10.38 benzene: 
Found: 361.9. 
Computed: 


Found 88.46,.88.46; 6.25, 6.21. 


Determination hydroxyl groups Tserevitinov's method: 


0.1709 substance: 10.37 (0°, 760 mm). 
Found 4.64. 


The the alcohol was subjected lengthy hydrogenation (120 hours) 
over Raney nickel temperature 180-220° and pressure from £00 260 
atm. The main portion the hydrogenated product distilled over 188- 
191° 


Determination molecular weight: 


0.5302 substance; 19.21 benzene; 0.499°. 
Found: 284.4, 293.6. 

Computed: 290. 


Found 28.01, 87.80; 11.85, 12.12. 


0.9359, 1.5144. 


Found: MRp 93.345. 
Computed. MRp 92.578. 


From the data given, can seen that despite the partial cracking 
(cleavage one ring, result the harsh conditions and the great length 
hydrogenation) obtained 1,1,3-tricyclohexylpropane, still containing about 
15% 1,1,3-triphenylpropane. This mixture hydrocarbons hardened give 


SUMMARY 


has been shown that the reaction the benzyl ester cinnamic acid 
with n-butylmagnesium bromide gives tertiary alcohol, styryldibutyl carbinol, 
which partially dehydrated with the formation diene hydrocarbons, which are 
converted into tar. 


Isobutylmagnesium bromide reacts with the same ester similar fashion, 
the tertiary alcohol here being obtained greater yield than the reaction 


the isobutylmagnesium halide with the ester benzoic acid. addition, 
this reaction was noted that the had condensing action the magnes- 
ium halide-alcoholate benzyl leading the formation 


Isopropylmagnesium bromide gives, with the ester cinnamic acid, small 
yield dibenzalacetone, i.e., the reaction here takes partially with the 
formation ketone the type R-CO-R, according the mechanism previously 
found for esters acids like and benzoic acid. the same time the 
reaction also takes place here with higher yields according the normal mechan- 
ism the direction the corresponding tertiary alcohol. 


reacts with the ester cinnamic acid when the synthesis 
carried out +20° give alcohol. Upon hydro- 
genation this alcohol, 1,1,3-tricyclohexylpropane was obtained (as result 
partial cracking). 
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THE 2,2,4-TRIMETHYLPENTANE OVER MOLYBDENUM CATALYST 


The Moscow State University 


and the Organic Chemistry the Academy Sciences the SSR 


The smooth catalytic aromatization the paraffin hydrocarbons depends 
the presence the ring not less than six atoms carbon. This makes pos- 
sible the direct formation six-membered ring, the aromatization catalyst also 
contributing the same result. number authors have shown that 
the presence the same aromatizing catalysts, aromatic hydrocarbons can also 
formed addition from alkanes which contain only atoms carbon the 
longest chain, and which, without radical change their structure, are not 
closing six-membered ring. But this case the reaction takes 
place considerably lower yield, higher temperature, and accompenied 
cracking. Olefins with five atoms carbon their chain form aromatic 
hydrocarbons somewhat more readily than paraffins 


2,2,4-Trimethylpentane (isooctane) the sort structure 
which cannot directly form aromatic 


The aromatization isooctane the presence chromium catalyst has 
been investigated Hoog, Verheus, and Zuiderweg [2] 460°, Marschner, Oblad, 
and Heard [3] 480°, Green [4] 480°, and Obolentsev and Usov 450, 
480, and 510°. Green [4] 2,4-trimethylpentane the presence 
molybdenum catalyst 550°. most the investigations, only the overall 
amount aromatic the was determined. This did not 
favor explanation the mechanism this reaction. The individual composi- 
tions the aromatic hydrocarbons obteined werc determined only two inves- 
tigations, and even them, not completely. Green [4] observed the 
ysate obtained over molybdenum catalyst, amount naphthalene, and 
the mixture xylenes detected o-xylene. Obolentsev and Usov found that 
the chief aromatic hydrocarbon formed from 2,2,4-trimethylpentane over chromium 
catalyst was p-xylene. 


With regard the possible mechanism reaction, there are three 
points view which have been expressed the literature concerning it. Green 
explained the aromatization 2,2,4-trimethylpentane its preliminary 
isomerization into hydrocarbons which wouid permit direct cyclization with the 
formation six-membered ring. .Obolentsev and Usov assumed that this 
preliminary actually took place, and that proceeded means 
dehydrogenation step, with the formation ring: (see 
following page). and Rideal [6] assumed that aromatization took 
piace way the formation five-membered ring, with its iso- 
merization into six-membered one, this isomerization proceeding such 
manner that the a-carbon the side chain penetrated into position neighboring 


- ; 


the bond the five membered ring. The penetration took place that bond 
the five-membered ring which was most distant from the closing bond: 


Thus,, the case 2,2,4-trimethylpentane, the penetration the new carbon 
atom took place between carbon atoms and with the formation p-xylene. 
the penetration had taken place between carbon atoms and m-xylene would 
have been formed. 


From what has been said above, follows that the case mechanisms 
which predict the intermediate formation three- and five-membered rings, the 
chief product the 2,2,4-trimethylpentane should p-xylene. 
eccordance with both mechanisms, o-xylene cannot formed. 


appeared that the intermediate products this reaction actually 
were alkanes isomeric with 2,2,4-trimethylpentane, even cyclopentane hydro- 
carbons, would interest attempt detect these hydrocarbons the 
catalysate. Inasmuch the catalytic aromatization alkanes with six atoms 
carbon the chain takes place far from quantitatively, seemed probable 
that the alkanes isomeric with 2,2,4-trimethylpentare, but having chain six 
carbon atoms, might, case they were formed, detected the catalysate. 


The experiments, carried out 550° with catalyst, showed that 
about 10% and o-xylenes were formed, plus toluene, and small 
amounts benzene and naphthalene. means the spectra the combined 
scattering light detected small amount m-xylene. did not succeed 
detecting isomeric paraffins cyclopentane hydrocarbons, either the 
use precise fractional distillation with effective means 
the spectra the combined scattering light. Thus, contrast the work 
other authors, showed that 2,2,4-trimethylpentane forms all three xylenes, 
the and p-xylenes considerable amount, and the m-xylene very small 
amount, and that the catalysate impossible detect either cyclopent- 
ane hydrocarbons alkanes isomeric with the original 2,2,4-trimethylpentane. 
These facts, particular the presence o-xylene the catalysate, cannot 
completely explained either the basis the reaction mechanism which Hering- 
ton and Rideal [6] proposed, accordance with which the intermediate formation 
cyclopentane hydrocarbons takes place, nor the basis the mechanism ad- 
vanced Obolentsev and Usov [5], accordance with which there the inter- 
mediate isomerization the original alkane, taking place way step in- 
volving the formation three-membered ring. 


Most probably, undergone the alkanes themselves, but 
alkenes adsorption complexes, that is, the first stage 
the reaction fcr the formation xylene neither iscmerization nor demethyl- 
ation, but dehydrogenation with the 2,2,4-trimethylpentene-2 (which 
known, has tendency isomerize even comparatively low temperatures), 
with the formation the corresponding forms 
Thus, the dehydrogenation the alkane into alkene this case favors the fur- 
ther isomerization the hydrocarbon. The absence the isomers 2,2,4-tri- 
methylpentane appreciable amounts even the hydrogenated catalysate serves 
indicate the fact that the velocity the aromatization the alkenes 
the temperatures under investigation exceeds the velocity isomerization 


dehydrogenation. 


the other hand, the presence the catalysate toluene amount 
completely commensurate with the amount xylenes formed, and the presence 
the main fraction catalysate small amounts 2,4-dimethylpentane, the high 
temperature which the reaction catalytic aromatization paraffin hydro- 
carbons with five carbon atoms the chain takes place, the large quantity 
methane found the gas, all these make seem probable that this case 
the process aromatization 2,2,4-trimethylpentane may approach the reaction 
catalytic cracking, which one the initial factors, this case, would 
the breaking off the methyl radical. The methyl group and the remaining 
radical (analogous the semihydrogenated form) would have tendency stabil- 
ize themselves the presence hydrogen present the surface, with the 
formation the corresponding paraffins and clefins, react with each other 
with the formation isomeric forms octane, condensation products, and gas- 
eous hydrocarbons. Under the conditiors the experiment, the isomeric forms 
octane are easily aromatized with the formation xylenes. 


Inasmuch the only isomeric heptane found the catalysate was 2,4-di- 
methylpentane, necessary assume that under the conditions our exper- 
iments, the easiest thing all was the off (and consequently, the mi- 
gration well) the methyl group attached the fourth carbon atom. 


The apparent energy activation the overall dehydrogenation reaction 
2,2,4-trimethyl pentane over molybdenum catalyst was shown 26,400 cal/ 
mole, i.e., was close activation usually found [9] the 


aromatization paraffin oxide catalysts. 


EXPER IMENTAL 


The original hydrocarbons. Standard 2,2,4-trimethylpentane was distilled 
column with the effectiveness trays. Its were: 


B.p. 99.6-99.7° 760 mm; 0.6908; 1.3925. 


MRp found 39.59; computed for MRp Literature data [7]: b.p. 

99.3° 760 mm, 0.6920; n§° 1.3915. 

n-Heptane, also standard, had the properties: 

B.p. 98.3-98.4, 760 mm; 0.6834; 1.3882; MRp found 

computed for MRp [8]: 98.38° 760 mm; 

0.68378; 1.38775. 

The catalyst. used molybdenum oxide. The catalyst 
was prepared Green's method [4] and molybdenum. continuous 


Apparatus and method work. The carricd out ina circula- 
ting system the method described previously the experiments, except 


for the experiments with velocities passage the 2,2,4-trimethyl- 
pentane and experiments the determination the,energy activation, were 
carried out weak current nitrogen (about 200 ml/hour) order decrease 
coke formation. the determination amount and composition the gas 
evolved, the amount nitrogen passed through was taken into account. The cat- 
alysate was collected receiver with stopcock and spiral boat cooled 
Dewar flask -70°. The gas was collected gasometer, and the ex- 
periments were accurate measurements the gas volume was required during the 
course the reaction, special gas-measuring device with constant level 
the sealing liquid. the majority experiments (except for the special 
experiments different velocities) the volume velocity passage was about 

the experiment, the catalyst was regenerated; air was passed through 
the temperature the experiment for hours, followed hours re- 
duction with hydrogen the same temperature. Regeneration 500° gave the 
same results 550°. With increase the number regenerations, the 
initial activity the catalyst fell somewhat, and the velocity its poisoning 
increased. 


Experiments with n-heptane. order check the activity the catalyst, 
set comparison experiments the aromatization n-heptane. 550° and 
volume velocity 0.3, the yield catalysate after hours, determined 
every minutes, rose from 65%. The average yield catalysate over the 
hours was 50.5%. The bromine number [10] was 7.0; this corresponded about 
olefins. The index refraction was 1.4571 after the first hour. For 
three hours showed little change, and then fell 1.4445 after 3.5 hours, and 
1.4367 after 4.5 hours. The amount gas evolved amounted liters 
per hour. 


the same velocity passage, but 500°, the yield catalysate was 
74-76%, and its index refraction 1.4140 the first hour and 1.4060 after 
2.5 hours. 


Analysis the gas the experiments with heptane: hydrogen about 90%, 
methane hydrocarbons about 7%, and olefins about 3%. 550° and 500°, the 
gas obtained had approximately the same composition. 


Experiments with 2,2,4-trimethylpentane. order accumulate catalysate 


that might studied, experiments were carried out 550°. Each experiment 
was carried out the point where the index refraction the catalysate fell 
from 1.4200 1.4300 after the first hour 1.4050 (for the original 2,2,4-tri- 
methylpentane, was 1.3925). these conditions, the duration the 
experiments amounted hours the work with fresh catalyst and 

2.5 hours the experiments with that been repeatedly regener- 
ated. 


For the purpose example, there are listed Table the results 
three typical experiments the aromatization 2,2,4-trimethylpentane 550 
and 510°. the poisoning the catalyst progressed, the aromatic content 
the catalysate decreased, the yield catalysate increased, and the content 
decreased slightly (experiment 22). 


Analysis the gas showed that contrast n-pentane, 2,2,4-trimethyl- 


pentane formed very appreciable amount gaseous paraffin hydrocarbons, chiefly 


methane. the same time, was found that the composition the gas depended 
little whether not the catalyst was active already partially poisoned. 
The results the gas analyses are listed Table (All the gas evolved 
during the experiment was analyzed). 


all, from the experiments 550°, 235 catalysate was obtained 
(yield about 50%), containing about olefins. catalysate was divided 


into two parts, and underwent investigation methods. 


100 the catalysate was fractionally distilled column capped 
individual wire loops, with effectiveness theoretical plates. The frac- 
tional distillation curve shown Fig. fractions were collected. Af- 
ter the its bromine number, eacn fraction was hydrogenated 
the cold alcoholic solution with palladium-covered carbon. The residue from 
the distillation the column was distilled steam, dried, and distilled 
from Wurtz flask. terminal boiling point the was 150°. The 
results the fractional distillation, the properties, and the amounts the 
different fractions, plus the indices refraction the fractions after hydro- 


genation are presented Table 


Expt. |Time 2,2,4- 
No. from trimethylpentane 
and start through 
Temp. jof 


expt., 
hours 


19.9 33.6 
20.0 38.3 
Not 
19.0 
0.33 
0.30 
0.30 
0.30 


Composition gas 


hour af- 
ter start 
experi- 
ment. 


Fig. 


Investigation the different frac- 
tions permitted draw the foliowing 
conclusions. 


Fraction consisted almost the extent half 


Judging 


TABLE 
Volume catalysate |Olefin Amount 
city 
liters 
550° 5.5 
4.0 
4.0 
550 ined 
Not 
510° de- 
term- 
ined 
TABLE 
Expt. 
No. 136 
CnHon 
110 
1.4000 60.1] 28.0 6.4 
2333 


Boiling point! 
No. 


after 
hydrogen- 
ation 


Fraction No. 


Original 
catalysate 


1.3980 
1.3930 
1.3939 
1.3958 
1.4795 
1.4932 


77.2-97.7 
99.7-110.5 
VII residue.. 138.5-150 


the fractional distillation curve, the products cracking, boiling below the 


original 2,2,4-trimethylpentane, were about 10%. After hydrogenation, benzene 
was detected this fraction the method investigation using the spectra 


the original 2,2,4-trimethylpentane. 


t 


Fraction was transitional. 


Fraction had very high index refraction, and therefore was natural 
suspect that contained toluene. the other hand, it, and also.in 
Fraction IV, there might have been homologs cyclopentane alkanes isomeric 
with the original 2,2,4-trimethylpentane, aromatization had been preceded 
isomerization and part the isomerized hydrocarbons had not undergone aromat- 
ization. Therefore, Fractions and were passed through active silica gel, 

and part was isolated which dic not contain any aromatics and had the follow- 
ing characteristics: 0.6916; 1.3923. investigation the spectrum 

combined light scattering this non-aromatic portion showed that consisted 
only 2,2,4-trimethylpentane. nitration [11] the aromatic portion 
Fraction and with fuming nitric acid gr. 1.5), dinitrotoluene was 
obtained (0.84 g). After single recrystallization this had m.p. 67-68°. The 
toluene content the catalysate amounted about 2%. 


Fraction must have contained mixture xylenes the chief product 
aromatization. order shed the composition the xylenes, 
usedtwo methods: oxidation phthalic acids, and nitration with fuming nitric 
acid. 


Upon cxidation with potassium permanganate, the method Norris and 
Vaala [12] (0.3 ml), terephthalic and o-phthalic acids were obtained; iso- 
phthalic acid was detected. 


Upon nitration Fraction VI, the method Reichel (0.25 ml), 
2,3,5-trinitro-p-xylene was obtained with m.p. 252° (according the data the 
literature, the m.p. 254-255°), and addition, there were obtained oily 
which indicated that o-xylene had been present the original mix- 
ture. products the nitration m-xylene were detected (the crystals 
nitrated products obtained were soluble acetone). However, accord- 
ing the the combined scattering light, this fraction did con- 
tain m-xylene, although very insignificant quantity. The approximate content 
the and p-xylenes the catalysate was 


wash take the occasion express our profound appreciation for investigating the 
spectra the cambined scagtering light for the fractions. 
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combined light 
Judging from their physical properties, Fractions and were very close 


Fraction VII (residue) was treated with picric acid. small amount crys- 
tals precipitated with m.p. (without recrystallization) 147°. This correspond- 
the m.p. naphthalene picrate. 


The second portion the catalysate (135 ml) was investigated differ- 
ent method. means fractional distillation the catalysate from flask 
with dephlegmator, was divided into two fractions: 

II. n§° 1.4960. 


Residue; 1.5186 after steam distillation. 


Fraction was hydrogenated the cold with palladium-covered carbon. The 
hydrogenation took with difficvlty, despite the addition catalyst dur- 
ing the experiment. Instead the computed 1.25 liters hydrogen, 1.1 liter 
was absorbed. After hydrogenation, the catalysate had the following properties: 
0.7110; 1.4035. The aromatic 
hydrocarbons and the traces unsat- 
urateds were removed treatment with 
Katvinkel's mixture, 17% being absorb- 
ed. The catalysate freed from aroma- 
tics had the following properties: 
0.6952, and was distil- 
led column. The fractional dis- 
tillation curve seen Fig. 


VELOCITY - 


Fig. 


TABLE 


Bromine 
velo ity 
0.42 
0.43 
0.12 


0.87 
0.42 


Fig. 


the chief fraction (10%), with boiling 7:-98°, after supplement- 
ary purification from traces benzene filtraticn through active 
Silica gel, small amount 2,4-dimethylpentane was (by means the 
frequency 809 (65) The main portion the catelysate freed from aromatics 


Fig. 
Expt 
No. 
231 
1.3985 4.0 
1.3968 


had and judgin: 
velocities passage the original 
Fig. that contrast the ex- 


The experiments arranged for 
hydrocarbon 510° showed (cf. 
periments with n-pentane the pres- 
ence vanadium catalyst, the 
case 2,2,4-trimethylpentane with 
molybdenum catalyst, there was 
constant evolution gas when there 
was change the velocity 
passage the hydrocarbon. 
510°, the velocity passage 
increased, the curve for the evo- 
lution gas passed through 
maximum, corresponding vol- 
ume velocity about 0.6. 
550°, was impossible attain 
this maximum volume velo- 
city 0.5. Thus, under the con- 
ditions the latter experiment 


with 2,2,4-trimethylpentane, 


tre combined light 


still did not have complete saturation the surface the catalyst with the 


hydrocarbon. 


The experiments arranged for different temperatures and velocity 
0.3 gave the following results (Table 5). 


Experiment usual [9], departed from the general rules. 


The other re- 


sults obtained satisfied Arrhenius' equation, giving apparent energy ac- 
tivation the overall dehydrogenation reaction 2,2,4-trimethylpentane equal 


26,400 cal/mole (Fig. 4). 


express our profound thanks Academician B.A.Kazansky for his unflag- 


ing interest this work and for number valuable suggestions. 


SUMMARY 


The aromatization 2,2,4-trimethylpentane (isooctane) has been inves- 
tigated over the temperature interval 490-550° and within 
the limits volume velocity 0.1 0.9. 


550° and volume velocity 0.3, the yield catalysate 
mounted 30-50%, and the gas contained 60% hydrogen and 30% 


methane. 


were urable detect the catalysate alkanes isomeric with the 


original 2,2,4-trimethylpertane, cyclopentane hydrocarbons, either means 
fractional distillation the catalysate with effective columns means 


investigation the spectra 
fractions. 


the combined 


scattering light the 


550° and volume velocity 0.3, the products the aromatization 
2,2,4-trimethylpentane the presence catalyst were: and 


p-xylenes 

(in 
detect, means 
amount 2,4-dimethylpentane. 


toluene (2%), well benzene, naphthalene, and m-xylene 
products lower molecular weight, was possible 
the spectra combined scattering light, only small 


Inasmuch the formation these products not explained either 
the proposed mechanisms reaction, new considerations the 


course this rea 


ction are expressed. 


TABLE 
No. era- number |con- volved 
ture, tent, 
after 
min 
2336 


The apparent energy activation the overall reaction for the dehyd- 
rogenation 2,2,4-trimethylpentane equaled 26,400 cal/mole. 


Under the conditions investigation, with the volume velocities and 
the temperatures used, saturation the surface the catalyst with the orig- 
inal hydrocarbon was not attained. 
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THE PREPARATION SULFAMIDE 


Kirsanov, Yu. Zolotov and Egorova 


investigation the properties and reactions the complete amide 
sulfuric acid, sulfamide, great scientific interest. very great num- 
ber communications have been printed the preparation sulfamide [1], but 
these communications either the synthesis has not been described with suffi- 
cient precision, the synthesis required original materials which were diffi- 
cult access, else the synthesis was carried out under conditions difficult 
produce the average laboratory. 


For the industrial production sulfamide there very good method, 
namely, the action ammonia sulfuryl fluoride [2]. the production 
sulfuryl fluoride industrial scale now have satisfactory methods, and 
there doubt that still better may yet developed without special 
But the preparation and use sulfuryl fluoride laboratories, 
small amounts, with only the objective the synthesis sulfamide, 
course very difficult. There also second method for the production sulf- 
amide, namely, the action sulfuryl chloride mixture liquid ammonia 
with any appropriate solvent temperature the order 60°, with vigorous 
stirring. has been shown [3] that this manner sulfamide may obtained 
yield 86% the theoretical. This metnod, like the preceding one, 
little suited for the preparation comparatively small 
ordinary laboratories, requires special expensive apparatus, which 
scarcely pays buy for the preparation small amounts sulfamide. 


order make possible for all who wish investigate the properties 
and reactions sulfamide use for preparative purposes so, there 
given below detailed description the synthesis sulfamide. This method 
synthesis based reaction first used Regnauit for the preparation 
sulfamide, and differs from those described the the first 
place, number details, and the second the precision the de- 
scription, which will permit any chemist-experimenter reproduce accurately, 
and the yields indicated. The conditions synthesis are entirely 
accessible any laboratory. 


According the old data the literature, the yiclds sulfamide from 
sulfuryl chloride and ammonia were not high, and the best case reached 15-20% 
theory. According recent communication [3], when very low temperatures 
are used, the yields reach 86%; this, however, has not beer checked and verified. 
the method described below, the yield amounts 44% theory, and this can 
considered completely satisfactory, the are inexpensive 
and easily obtained. 


EXPERIMENTAL 


The work was carried out effective hocd. eight-liter wide-necked 
jar was supported firmly large and inside the jar thcre were placed 
bath mst fairly large dimensions order that the used mixture conveniently 
removed from end new cooling mixture added. This, depending the the bath must done 


| 
| 
} x 
=| 
> 


powerful propellor stirrer, thermometer, ana gas-inlet tube, 10-12 
diameter, leading almost the bottom the the jar there was poured 
liters dry carbon and the bath was filled with cooling 
mixture carefully prepared from crushed ice and salt and set motion with 
When the temperature the carbon tetrachloride was lowered -8°, 
strong current was passed through the gas-inlet tube, and mixture 
500 sulfuryl and 2500 dry carbon tetrachloride was 
added 10-50 Each addition resulted sharp rise tempera- 
ture, and was accompanied the appearance thick mist. The amount mix- 
ture added each time had such that the temperature did not rise more 
than -2°. After each addition, there was pause until the temperature the 
mixture had fallen -8°. During the very first addition, flocculent, color- 
less precipitate formed. This gradually collected large lumps. When these 
lumps began hinder the operation the stirrer, they were removed from the 
reaction mixture means porcelain boat and collected liter 
enameled pot. was usually necessary remove these lumps times, af- 
ter the addition quarter, half, and three-quarters the entire amount 
sulfuryl Under unusual conditions, the precipitate did not collert 
lumps and remained dispersed until the end the process. The character 
the precipitate did not affect the yield sulfamide. necessary em- 
phasize that rapid current ammonia wes passing through all the time. 
cloud was formed during the addition the next portion sulfuryl chloride, 
small cloud was formed, this meant that the current ammonia was not 
sufficient, and had increased. When the temperature 
bath rose -15°, had changed for fresh mixture. The entire process 
usually took hours, and required the work two men, fairly fre- 
quent change the cocling mixture was necessary. The addition sulfuryl 
chloride could discontinued night and resumed the day with- 
out diminishing the yield sulfamide. After all the sulfuryl chloride had 
been added, the passage ammonia was continued for additional minutes, 
and liters water was then added and stirred, until all the precipitate had 
gone into The aqueous solution was separated from the carbon tetra- 
chloride and mixed with the previously removed lumps reaction product which 
were the enameled pot. The mixture was stirred hand until all the pre- 
cipitate had gone into solution, and then the solution was boiled vigorously 
the open pot, under hood, until thermometer dipped into the liquid indicated 
108-109°. During the boiling, fairly large amount ammonia was evolved. 

The final volume the liquid was about 2.5 liters. 


The solution was stand room temperature for hours, 
was then filtered with suction Buchner funnel 150 diameter 
carbon tetrachloride was dried with calcium chloride and distilled. The first fraction was dis- 

carded, the distillate coming over within the limits being collected. 


ammonia from cylinder was dried column filled with powdered caustic potash. 


sulfuryl chloride used was prepared the dismutation acid the presence 


metallic mercury, boiling, and repeated distillation within the limits The same results 
were obtained with commercial sul chloride which distilled without dephlegmator, the frac- 
tion boiling within the limits being collected. 


carbon tetrachloride was carefully separated from the aqueous dried with calcium chloride 
and distilled. could then another preparation 


remove precipitated ammonium chloride. The precipitate was carefully pressed out 
and washed times with portions ice water. After drying the air, 
the weight the precipitate was about 335 The combined filtrates were evap- 
orated round-bottomed 3-liter flask vacuum water bath heated 60- 
70°. After 650 water had distilled off, the precipitated ammonium chloride 
was filtered with suction and washed times with portions ice water. 
After drying the air, the weight the precipitate was about 150 The com- 
bined filtrates were evaporated second time vacuum water bath heated 
60-70°. After 650 had distilled off, the precipitated ammonium chloride was 
again filtered with suction and washed times with porticns ice water. 
After drying the air, the weight the precipitate was about 150 The com- 
bined filtrates were evaporated vacuum the boiling water bath until there 
was further distillation, distillate about 300 being thus collected. 
The residue the flask was thick, viscous mass, containing small emount 
crystals. the residue the flask there was added liter boiling 
hydrochloric acid. The mixture was vigorously shaken until everything went into 
solution, and the solution was boiled with reflux condenser for 

the temperature the during this process being 106-107°. During the 
boiling, the liquid became cloudy with precipitated sulfur and small amount 
sulfur dioxide was evolved. After minutes boiling the liquid was cooled 
with running water, filtered through crinkled filter, and neutralized with 20% 
ammonia until there was reaction Congo red. The solution obtained 
was concentrated vacuum boiling water bath until about 950 water had 
distilled off. The precipitated ammonium chloride was filtered off with suction 
and washed times with portions ice water. After drying the air, the 
weight precipitate was about 100 Thus, the total amount ammonium chlor- 


ide obtained was about 635 


The combined filtrates were evaporated vacuum boiling water bath, 
until all the water had been distilled off. Usually about 150 water came 
off, and then the residue the flask was the form thick, viscous, trans- 
parent mass. this still hot product, liter acetone was and 
the mixture was very vigorously shaken. minutes, the semiliquid 
product hardened the form fine little lumps. The cooled 
solution sulfamide acetone was poured off from the precipitate, tne precip- 
itate was transferred mortar and carefully ground, and again transferred 
the same flask and liter was added. The flask was connected 
reflux condenser and the mixture was boiled water bath with continual 


with suction twice. 


se 
Longer boiling decreases the yield sulfamide. Shorter boiling requires repeated hydrolysis, which con- 
complicates the work, and does not increase the yield. Therefore necessary add the con- 
centrated residue boiling 0.5 and heat the solution quickly the boiling point, order 


crease the influence the period "before the beginning the 


ee 
The emmonium chloride need not dried and since this does not increase the yield 


However control the amount ammonium chloride especially when this reaction carried out 
for the first time, this controls confirms the correctness the carrying out the entire process. 


necessary shake the mixture vigorously hardens 

assumes the form fine lumps, which are easily the flask. fine 

vigor, the liquid precipitate hardens into continucus into large lumps, are very difficult 


remove from the 


possible distill off about 1300 water once, but then the evaporation accompanied very 
violent bumping. safer and quicker evaporate twice vacuum, and filter otf the chloride 


se 
Technical acetone was dried with calcium chloride and twice the fracticn being collected. 


shaking hand for minutes. After cooling, the acetone solution was 
poured off. Still another liter acetone was added* and boiled for another 
minutes. After cooling, the acetone solution was with suction 
Buchner funnel 200 diameter, the precipitate was carefully pressed out, 
again transferred flask, boiled with 500 acetone, and fil- 
tered with suction. was again transferred the flask, 500 acetone 
added, again boiled, and after cooling, the precipitate filtered with suction 
and pressed. After this the precipitate was Thus, total 
extractions with acetone was carried out. This ensured the completeness ex- 
traction the sulfamide. recommended that each acetone extract con- 
centrated separately, order have the possibility judging how success- 
fully the extraction has been carried out. The first acetone extract was fil- 
tered, placed weighed one and half liter conical flask, and the acetone 
completely driven off the water bath, which, toward the end the distil- 
lation, was brought the boiling point. The same thing was done with the 
second, third, fourth, and fifth extracts. The residue from the 
upon cooling quickly crystallized completely give characteristic, radial 
crystalline mass. Usually the first extract gave about 120 sulfamide, the 
second about the third about the fourth about and the fifth 
about total about 270 crude sulfamide was obtained. Sometimes, 
with very careful grinding, possible remove the sulfamide extract- 
ions, and sometimes necessary make extractions. The extraction should 
stopped after the amount sulfamide extracted less than 


The sulfamide thus obtained the form large ray-shaped crystals, 
colored light yellow impurities. 


For purification, all the sulfamide obtained (about 270 was crystallized 
from 600 boiling ethyl alcohol Upon cooling, large, heavy, color- 
less crystals precipitated. They were filtered with suction and washed times 
with cold alcohol. After drying the air, 215 large snow-white crystals 
sulfamide were obtained, with m.p. 92-93°. The mother liquor and the wash 
liquid were concentrated vacuum volume 150 ml, activated car- 
bon was added, the mixture was boiled for minutes, and then filtered. 
Upon cooling, sulfamide precipitated. This was filtered off with suction and 
washed times with portions alcohol. additional approxima- 
tely sulfamide the same quality was obtained. 


The mother liquor was evaporated dryness vacuum, the residue extract- 
with 200 acetone, the solution filtered, and the acetone driven off. 
the residue there was obtained crude sulfamide, which was treated 
with the next portions sulfamide crystallized from ethyl acetate. The 
total yield pure sulfamide was 235-240 and crude about to- 
gether there was about 260 44% the theoretical. order dbtain 
purer preparation, with m.p. 91.5-92°, the was recrystallized second 
time from alcohol. For 100 sulfamide was convenient take 250 
boiling alcohol. The yield was 80-85 the mother liquids were 
evaporated vacuum, then the loss upon repeated crystallization was negligible. 


SUMMARY 


method for the preparation sulfamide from sulfuryl chloride and ammonia 
with yield about 44% theory has been described detail. 
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not necessary use fresh acetone each time. While the second extraction being carried out, the 


acetone from the first extraction simultaneously being distilled off, and the distillate can used 
for the third extraction etc. 


dry residue from the extraction with acetone weighs about 450 and consists chiefly ammonium chloride 
and sulfaminate. From this precipitate possible obtain, repeated hydrolysis with 0.5 
hydrochloric acid, only abbut 3.0 sulfamide, which course not worth considering. 


se 
transparent, light yellow liquid. 


| 
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